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Art. L—Results derived from an examination of the United 
States Weather Maps for 1872 and 1873; by Exitas Loomis, 
Professor of Natural Philosophy in Yale College. With two 
Plates. 


(Read before the National Academy of Sciences, Washington, April 24, 1874.) 


THROUGH the kindness of Brigadier-General Albert J. Myer, 
Chief Signal Officer, U. S. A., I have received a weather map 
for 74 A. M. daily, since Jan., 1872. This series of maps for 
the years 1872 and 1873 I have undertaken to discuss, in order 
to determine what information can be derived from them 
respecting the laws of storms. ‘T'o prepare myself for this dis- 
cussion, | ordered an engraver to make an outline map of the 
United States upon exactly the same scale as the U. S. weather 
maps, and provided myself with a large number of copies of this 
map. On one of these maps the tracks of all the storms for the 
month of January for the two years were delineated, whenever a 
storm center could be satisfactorily located for two successive 
days. In like manner, the storm paths for the month of February 
were delineated on a second map, and so on for each of the months 
ofthe year. These maps exhibited, in the aggregate, storm paths 
for 314 days, which was the whole number of cases obtained 
from the two years of observations. These results were then 
all reduced to a tabular form by measuring with a protractor 
the bearing of each storm path with reference to a meridian, 
and measuring the daily progress of the storm on a scale of 
inches. This table showed the date of each storm, together 
with the velocity of its progress and the direction of its path, 
and also a variety of other circumstances which it was supposed 
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might have some connection with the preceding, viz: the 
height of the barometer at the center of the storm; the amount 
of the fall of the barometer in the preceding 24 hours; the 
amount of the rise of the barometer in the succeeding 24 hours; 
the change of pressure at the center of the storm in 24 hours, ete. 

The following table shows the average direction and velocity 
of storms for each month of the year, as deduced from 814 cases, 
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The average direction of the storm paths for two years 

was N. 82° E., or 8° to the north of east, and the average 
velocity was 25°6 miles per hour; but there is a noticeable vari- 
ation both in the direction and velocity, depending upon the 
season of the year. The course of storms is most southerly in 
summer, and it is a little less northerly in winter than it 1s in 
spring or autumn. July is the month in which the course is 
most southerly, and October is the month in which it is most 
northerly, the mean difference between these two months 
amounting to 33°. The velocity of progress is greatest in win- 
ter and least in summer. February is the month of greatest 
velocity and August the month of least velocity, the former 
exceeding the latter by 75 per cent. 

The diversity in the direction and velocity of particular 
storms is much greater than this. In one instance, viz: Oct. 
20, 1873, a storm traveled N. 44° W., and in another instance, 
Oct. 25, 1872, a storm traveled about due north. There have 
been ten cases in which the direction of the storm path was 
more than 60° north of east; and there have been three cases 
in which the direction was more than 60° south of east. In 
one case the direction of a storm path was 70° south of east, 
showing the entire range in the direction of storm paths to be 
over 180 degrees. 

The diversity in respect to the velocity of progress of partic- 
ular storms is still greater. In some cases, a storm center has 
remained sensibly stationary for 24 hours, and occasionally still 
longer, while in four cases a storm center has advanced over 
1,200 miles in 24 hours, and in one case, May 15, 1878, the 
average velocity for 24 hours amounted to 57‘5 miles per hour. 
Thus the velocity of progress ranges from zero to 57°5 miles 
per hour. 


| 
| January, N. 85° E. | 
February, N. 76 E. | 
March, 79 E. | 
April, | N. 74 E. | 
May, |N.78 E. 
i N. 93 E. |} 
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These results are derived from observations made at inter- 
vals of 24 hours. They represent, therefore, not the actual pro- 
gress of storms from hour to hour, but the average progress for 
a period of 24 hours. The observations made under the direc- 
tion of the Chief Signal Officer are made three times a day, and 
enable us to determine the change of position of a storm’s cen- 
ter for every period of eight hours. A comparison of these 
observations shows much greater variations in respect both to 
the direction and velocity of storm paths than what is stated 
above. Some of these results are indicated in the Annual 
Report of the Chief Signal Officer for 1873. On the 6th of 
April, 1878, the path of a storm center near the Mississippi 
River, in lat. 40°, was such as is shown by the upper curve in 

the annexed cut; and on the 17th of 

April 6, 1873. April, 1878, the path of a storm center 

near Chicago was such as is shown by 

the lower curve. In the latter case the 

direction of progress changed 360° in 

a little more that 24 hours, and in both 

cases the actual motion of the center 

was for several hours westward, at the 

rate of from 10 to 15 miles per hour. 

If then we take into account the actual 

April 17, 1873. motion of a storm’s center from hour to 

hour, we find that the storm path may 

have every possible direction, and the velocity of progress may 

vary from 15 miles per hour toward the west, to 60 miles per 
hour toward the east. 

It thus appears that the inequality in the direction and 
velocity of storm paths is so great that a knowledge of their 
mean values affords but a very uncertain guide in predicting 
the progress of a storm from day to day. I have, therefore, 
sought to determine what are the most important disturbing 
causes which affect the velocity and direction of storm paths. 
For this purpose I have tabulated nearly all the materials 
afforded by the weather maps, and compared them with the 
velocity and direction of the storm paths. 


Influence of rain-fall upon the course of storms. 


One circumstance which appears to have a decided influence 
in modifying the course of a storm path is the fall of rain. 
Every considerable depression of the barometer is accompanied 
by a fall of rain, and the area of rain-fall usually extends fur- 
ther on the eastern side of a storm center than it does on the 
western side. The accompanying figure represents a portion 
of the area covered by a storm which prevailed April 25, 1874, 
near the Atlantic coast of the United States. The smallest oval 
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on the left represents the isobaric line of 29°60; the oval imme- 
diately surrounding it is the isobaric line of 29°70; and the 
center of the storm was near the center of these two ovals. 


The third and largest oval represents the limits of the rain area 
as far as can be determined from the signal service observations. 
The storm center advanced in the direction of the long arrow. 
It will be noticed that the rain area extended on all sides 
around the storm center, but spread out most upon the eastern 
side. The same is generally true of storms which pass over 
the United States. 

In order to determine whether there exists any connection be- 
tween the extent of this rain area and the velocity of the storm’s 
progress, the rain-fall at each station for the preceding eight hours 
was copied from each of the weather maps in every case in which 
the storm path could be exactly traced for the next 24 hours; 
and the distance to which the rain area extended to the east of 
the storm center was measured upon the map. The whole 
number of stofm paths was then divided into four equal classes ; 
the first division embracing those cases in which the storm 
advanced with the greatest velocity ; the second and third divi- 
sions embracing the cases next in order; and the fourth divi- 
sion embracing the cases of least velocity. The following are 
the average results deduced from a comparison of 152 cases, 
being all the cases in which the information required for this 
investigation could be derived from the maps. 


| Velocity in || Velocity in | 
miles per Extentofrain|} miles per (Extentofrain| 
hour. area in miles.|| hour. area in miles,| 
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These numbers clearly indicate that generally when a storm 
is advancing most rapidly, the rain area extends to an unusual 
distance on the eastern side of the storm, and the velocity of 
the storm’s center appears to increase more rapidly than the 
extension of the rain area. The average extent of the rain 
area on the east side of the storm’s center is 500 miles. When 
the rain area extends more than 500 miles on the east, the 
storm advances with a velocity greater than the mean; but 
when the extent of the rain area is less than 500 miles, the 
storm advances with a velocity less than the mean. If we con- 
fine the comparison to the two divisions which correspond to the 
greatest and least velocity, they lead us to conclude that when the 
eastern extent of the rain area is 100 miles greater than the mean, 
the hourly velocity of the storm’s progress is increased 14-9 miles ; 
but when the eastern extent of the rain area is 100 miles less 
than the mean, the hourly velocity of the storm’s progress is 
diminished 8:1 miles. 

In order to determine the influence of the rain area upon the 
direction of the storm’s path, I attempted to determine not sim- 
ply the limits of the rain area, but the direction in which the 
rain area was most extended. The rain area is usually of an 
oval form, as show in the preceding figure. For each rain area 
a line was drawn dividing the area symmetrically, so as to 
represent the longer axis of the oval, and the bearing of this 
line was measured with a protractor. I then selected those 
cases in which the direction of the storm paths was most north- 
erly, and also those cases in which the direction was most 
southerly, and for each case the position of the axis of the rain 
area was determined. I then determined the average direction 
of the storm paths and the average direction of the axes of the 
rain areas for each class of cases, and obtained the following 


results. 
Course of storm. Axis of rain area. 
N. 40° E. N. 53° E. 
N.116 &. N.118 E. 


According to these numbers, when the course of a storm is 
most northerly, the axis of the rain area is inclined to the 
storm’s path 13° toward the south; but when the course of a 
storm is most southerly, the inclination of these two lines is 
only two degrees. Considering that there is a difference of 76° 
in the mean direction of the storm paths for the two classes of 
cases, and a difference of 65° in the position of the axes of the 
rain areas, we may conclude that the average course of the 
storm paths for 24 hours coincides very closely with the posi- 
tion of the axis of the rain area for the preceding eight hours. 
If the comparison could have been made with the direction of 
the storm paths for the succeeding etght hours, instead of 24 
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hours, it is presumed that the correspondence would have been 
still closer. 

The connection here discovered between the progress of storms 
and the extent of the rain area cannot be regarded as accidental, 
and it is not difficult to discover, at least in part, the origin of 
this connection. The fall of rain, that is, the precipitation of 
the vapor of the atmosphere, is generally accompanied by a fall 
of the barometer. According to the theory advocated by the 
late Mr. Espy, when the vapor of the atmosphere is condensed, 
its latent heat is liberated, which raises the temperature of the 
surrounding air, causing it to expand and flow off laterally in 
all directions in the upper regions of the atmosphere, thus 
causing a diminished pressure over the region of precipitation, 
and an increased pressure on all sides beyond the area of the 
rain. 

The progress of the storm eastward is not due wholly to a 
drifting, resulting from the influence of an upper current of the 
atmosphere from the west, but the storm works its own way 
eastward in consequence of the greater precipitation on the 
eastern side of the storm. Thus the barometer is continually 
falling on the east side of the storm and rising on the west side, 
in consequence of the flowing in of colder air upon that side, as 
will be more fully shown on a subsequent page. 


Influence of the wind’s velocity upon the progress of storms. 


In order to determine whether there is any connection be- 
tween the velocity of the storm’s progress and the velocity of 
the wind upon the different sides of a storm, I selected all those 
cases in which a storm center was so situated that the velocity 
of the wind was given at a considerable number of stations both 
upon the east and west sides of the center. I then took two 
knitting needles and soldered them together at right angles so 
as to form a Greek cross. Then placing this cross upon one of 
the weather maps over a storm center, with the wires point- 
ing northeast and southwest, the area surrounding the storm 
center was divided into four quadrants, which I designate as 
the north, south, east and west quadrants. The average veloc- 
ity of the wind for the stations of observation in the different 
quadrants was then determined, including all stations within the 
influence of this storm center. The isobar 29-90 was generally 
taken as the limit of the storm, but sometimes it was necessary 
to reject observations within this distance when they were 
clearly under the influence of another storm center. Only 
79 cases were found suitable for this comparison. In each of 
these cases the average velocity of the wind was determined 
for the east and west quadrants, and generally also for the south 
quadrant; but in a majority of the cases no observations could 
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be obtained in the north quadrant, or the number of observa- 
tions was too few to furnish a reliable mean. The following 
table shows the average velocity of the wind in the different 
quadrants, according to these observations. 
W. quadrant. 8.quadrant. E,quadrant. N. quadrant. 
10°1 8-3 

It will be noticed that the velocity is greatest in the west 
quadrant, and that the velocity diminishes in the successive 
quadrants as we pass round the circle from west by south to 
north. 

The observations were then divided into two classes, one 
containing those cases in which the rate of progress of the 
storm was greater than the mean, and the other containing the 
cases in which the rate was less than the mean, aud the aver- 
ages were taken both of the velocity of the storm’s progress 
and the velocity of the wind in the east and west quadrants of 
the storm, when the following results were obtained. 


Velocity of storm Velocity of wind Velocity of wind 
in miles per hour. in E, quadrant. in W. quadrant. 
32°1 8°8 9°0 
18°1 


These numbers indicate that the stronger the wind on the 
west side of the storm, the less is the velocity of the storm’s 
progress. The velocity of the wind in the west quadrant gen- 


erally exceeds the velocity in the east quadrant by 22 per cent. 
When the velocity in the east quadrant is equal to that in the 
west quadrant, the velocity of the storm’s progress is seven 
miles per hour greater than the mean; but when the velocity 
of the wind in the west quadrant exceeds that in the east quad- 
rant by 44 per cent, the velocity of the storm’s progress is 
seven miles per hour /ess than the mean. 

Some persons might have anticipated that an increase in the 
velocity of the wind in the western quadrant of a storm would 
have the effect of driving the storm eastward more rapidly ; that 
is, of increasing its velocity. But we shall see hereafter that 
upon each side of a storm’s center the wind blows obliquely in- 
ward, and hence we must infer that in the central region of the 
storm there is an upward motion of the air: and this is the 
cause of the precipitation of vapor; that is, the cause of the 
rain-fall. An increase in the velocity of the wind in the west- 
ern quadrant is accompanied by an increase in the velocity of 
the upward motion in this quadrant ; that is, an increase of pre- 
cipitation. This increased precipitation of vapor tends to depress 
the barometer on the western side of the storm; that is, tends 
to retard the eastward motion of the storm’s center; and this 
cause may operate with sufficient force to carry the storm’s 
center westward, as actually happened in several instances in 
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the years 1872 and 1873. On the other hand, an increase in 
the velocity of the wind in the eastern quadrant tends to pro- 
duce a greater precipitation on the eastern side of the storm’s 
center; that is, tends to push the storm’s center eastward, or 
increase the velocity of its progress. 

Does the velocity of a storm’s progress depend upon the rate at 
which the barometer falls when the storm is approaching, or upon 
the rate at which the barometer rises when the storm has passed ? 

In order to answer these questions, I compared the height of 
the barometer at the center of each storm with its height at the 
same place 24 hours before, and also 24 hours afterward. I 
thus obtained the fall of the barometer for 24 hours before the 
middle of the storm, and its rise for 24 hours after the middle. 
These numbers were incorporated in the same table which 
showed the velocity of the storm’s progress for each month. 
The observations were then divided into two classes, one con- 
taining those cases in which the velocity of the storm’s pro- 
gress was greater than the mean, and the other coutaining those 
cases in which the velocity was less than the mean. It was 
found that the average fall of the barometer in front of the 
storm was nearly the same for both cases; but the average rise 
of the barometer for 24 hours in the rear of the storm was sen- 
sibly greatest-in those cases when the velocity of progress was 
greatest. The averages for the two years indicated that when, 
after the center of the storm has passed, the barometer rises 20 
per cent more rapidly than usual, the storm center advances 
seven miles per hour more rapidly than the mean; but when, 
after the storm, the barometer rises 20 per cent less rapidly 
than usual, the storm center advances seven miles per hour less 
rapidly than the mean. 

By the same method of comparison it was ascertained that 
the velocity with which a storm advances is independent of the 
amount of the barometric depression at the center of the storm ; 
and it is not sensibly affected by the circumstance whether the 
pressure at the center of the storm is increasing or diminishing. 
By the aid of the preceding principles, when we have given 
a weather map showing the position of a storm center for a cer- 
tain hour, it seems possible to predict with considerable confi- 
dence where the storm center will be at the end of 24 hours. 
Nevertheless, it is admitted that while the preceding principles 
hold true for the average of a large number of examples, 
numerous and striking exceptions will be found when we at- 
tempt to apply these rules to particular cases. It is evident 
that the movements of the atmosphere are dependent upon a 
great variety of circumstances, and all of these circumstances 
have not been considered in the preceding deductions. 
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Relation between the velocity of the wind and the velocity of a 
storm’s progress. 


In order to determine the relation between the velocity of a 
storm’s progress and the velocity of the wind in the different 
quadrants, it is important to know not simply the wind’s veloc- 
ity at the surface of the earth, but its velocity near the central 
region of the storm, which is presumed to be at an elevation of 
at least one or two miles. In order to form some estimate of this 
velocity, I took the observations at the signal service stations 
for Sept., 1872, which have been published complete in a sep- 
arate volume, and determined the average velocity of the wind 
on the summit of Mount Washington, and also the average at 
the three nearest stations near the level of the sea. These sta- 
tions were Burlington, Vt., Montreal, Can., and Portland, Me. 
The average velocity of the wind on Mount Washington was 29 
miles per hour; the average at the three other stations was 53 
miles ; hence we conclude that the ratio of the wind’s velocity 
near the level of the sea to its velocity on the summit of Mount 
Washington is as one to 5‘. Now the average velocity of the 
wind at stations on the earth’s surface, for the different quad- 
rants of the storm, has been found to be 10:1, 8°8, 8°38, and 
76 miles per hour; hence the velocity at the height of 6,000 
feet may be estimated to be 55°5, 48°4, 45°6, and 41°8 miles. 

We wish now to determine the average direction of the wind 
in the different quadrants. For this purpose, each weather 
map which showed a storm center was crossed by two diagonal 
lines running northeast and southwest, marking off the four 
quadrants. Then, beginning with the west quadrant, I counted 
the number of stations at which the wind was reported from the 
north; also the number from the northwest, west, southwest, 
etc. ; and in like manner for each of the four quadrants. The 
same was done with each of the weather maps, which furnished 
an example suited to this comparison. In determining the 
limits of each storm, the same rule was adopted as has been 
already stated in determining the velocities of the winds. I 
then found by addition the aggregate number of observations 
for each direction of the wind in the several quadrants, and 
from these numbers computed the average direction of the 
wind. The following table shows the resulting directions and 
also the velocities, as already stated, for an elevation of 6,000 feet. 

W. quadrant. S. quadrant. E. quadrant. N. quadrant. 

Velocity of wind, 555 48°4 45°6 41°8 

Direction of wind, N. 58° 48’ W. S. 40° 25°W. 8S. 32°6’E. N. 42° 33’ E. 

In order to exhibit palpably to the eye the significance of 
these , results, I have constructed the following figure, in 
which the four arrows show the average direction of the 
wind in the several quadrants, and the lengths of the arrows 
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are proportioned to the velocity of the different winds. It is 
at once perceived that there is a strong tendency of the winds 
inward toward the central area of the storm. The following 
table shows the inclination of the several winds to a tangent to 
the circle; that is, it shows how much the average direction of 
the wind in each quadrant differs from what it would be if the 
wind revolved in a circle around the storm’s center. 


W. quadrant. 8. quadrant. E. quadrant. N. quadrant. 
Inclination, 58° 48” 49° 35’ 32° 6” 47° 37° 


NY The average departure of 
x the winds from a tangent 
line is thus seen to be 
more than forty-five degrees. 
These numbers show how 
erroneous was Mr. Red- 
field’s theory of storms 
when applied to the ordin- 
ary storms of the United 
States, and it appears that 
Mr. Espy was nearer the 
truth when he claimed for 
the winds a centripetal mo- 
tion and entirely over- 
Ss looked the rotary motion, 
which must necessarily result, from a general movement of the 
atmosphere from all quarters toward a central area. It is obvious 
that the centripetal motion is the primary motion, and the rota- 
tion is an effect resulting from this inward motion. It requires 
no argument to prove that when the wind is flowing from all 
uarters inward toward a central area, as shown in the last 
Rasen, there is a rapid accumulation of air, which can only 
escape by an upward motion; that is, there must result a strong 
upward movement of the air near the center of the storm. As 
this air ascends, it comes into a region which is colder in conse- 
quence of its elevation, by which means its vapor is condensed, 
and thus by a direct comparison of observations we deduce a 
result which explains the cause of the rain. 

If we compute the resolved portion of the wind’s motion in 
the western quadrant, which acts in the same direction as that 
of the average progress of storms, we find it to be 43 miles. 
But the average progress of storms is only 25°6 miles; that is, 
at the height of 6,000 feet in the western quadrant of a storm, 
the velocity of the wind (estimated in the same direction as that 
of the storm’s progress) is 68 per cent greater than the velocity 
with which the storm advances. This excess of motion of the 
wind affords a measure of the force of the upward movement in 
the center of a storm. 
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To determine whether a storm is increasing or diminishing in 
intensity. 


In order to determine by what indications it may be known 
whether a storm is increasing or diminishing in intensity, that 
is, whether the barometric pressure at the center is diminishing 
or increasing, I have made a comparison of nearly all the con- 
comitant phenomena which could be supposed to have any 
influence upon the result, and find the following rule to be 
well-nigh universal: when the barometer rises more rapidly than 
usual as the storm passes by, the pressure at the center of the 
storm is increasing; but when, in the rear of the storm, the 
barometer rises less rapidly than usual, the pressure at the center 
is diminishing, or the storm is increasing in intensity. A com- 
parison of all the observations of two years indicates that when 
the rise of the barometer is 22 per cent greater than usual, the 
pressure at the center of the storm increases one-tenth of an 
inch in 24 hours; and when the rise of the barometer is 22 per 
cent less than usual, the pressure at the center decreases one- 
tenth of an inch in 24 hours. We thus see that a sudden rise 
of the barometer in the rear of a storm is usually followed by 
two different effects: the storm center advances more rapidly 
than usual, and the pressure at the center is diminishing. 
Sometimes one of these effects predominates, and sometimes 
the other; but generally, when the storm center is advancing 
with the greatest rapidity, the pressure of the center of the storm 
is decreasing, and when the storm’s center is nearly stationary, 
the pressure at the center remains nearly stationary. 

The rate at which the barometer falls in front of a storm 
appears to have very little influence upon the question whether 
the pressure at the center is increasing or diminishing. 

The average of two years’ observations indicates that when the 
winds on the eastern side of the storm’s center are very much 
stronger than those on the western side, the pressure at the center 
of the storm is increasing; but when the winds on the western 
side are very much stronger than those on the eastern side, the 
pressure at the center of the storm is decreasing. This rule is, 
however, subject to numerous exceptions. 


Form of the isobaric curves. 


In order to determine the average form of the isobaric curves, 
and the position of their longer axes, I selected all those cases 
in which the center of a storm was distinctly indicated upon 
one of the weather maps, and in which at least one isobaric 
curve was shown for not less than one-half of the circuit. The 
number of cases found suitable for this kind of comparison 
was 203. Of these, nearly one-half were so situated that only 
half of one of the axes could be measured. These were gener- 
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ally cases in which the center of the storm was near the north- 
ern boundary of the United States, and the isobaric curve was 
incomplete on the northern side for want of observations. In 
nearly half the cases, the isobaric curve selected for measurement 
was the lowest isobar shown on the maps: but whenever there 
was a larger curve traced for at least one-half of its circuit, the 
latter curve was taken in preference. A line was then drawn to 
represent the longer axis of this curve. and the length of this 
line was measured; or when the curve was incomplete the 
length of half of this line was measured. The length of the 
line drawn through the center of the isobaric oval at right 
angles to its longer axis was also measured, and the direction 
of the longer axis was determined by a protractor. The result 
of these comparisons was as follows: 

In 55 per cent of the whole number of cases, the major axis 
of the isobar exceeded the minor axis by one-half of its whole 
length. In 30 per cent of the cases, the major axis was more 
than double the minor axis; in nine per cent of the cases, the 
major axis was more than three times the minor axis: and in 
four per cent of the cases, the major axis was at least four times 
the minor axis. 

These results appear to me to prove that the centrifugal 
force arising from the circulation of the wind around the storm 
center cannot be the principal cause of the fall of the barome- 
ter, for otherwise the shape of the storm would be more nearly 
circular. 

With regard to the direction of the major axis of the isobars 
there is no uniformity. The major axis may have any position 
whatever; but the direction which is decidedly more frequent 
than any other is about N. 40° E. It will be readily perceived 
that this direction is almost identical with the general course 
of the Atlantic Coast, and also with the range of the Alleghany 
Mountains; and it might be supposed that one or both of these 
circumstances had some influence in determining the position 
of the isobaric curves. In order to decide this question, I 
divided the observations into two classes by a line drawn from 
Buffalo to Mobile; one class representing the storms of the 
Mississippi Valley, and the other representing the storms of the 
Atlantic Coast, and found the results in the two cases nearly 
identical. The easterly inclination of the storm axes is quite 
as decided in the Mississippi Valley as upon the Atlantic Coast. 
It may, therefore, be reasonably inferred that not only the 
elongated form of storms, but also the prevailing direction of 
their longer axes, is mainly dependent upon general, and not 
upon local causes. 


EF. Loomis— United States Weather Maps. 13 


Classification of Storms. 


The storms which pass over the United States seem to be 
naturally divided into two distinct classes; the first class in- 
cluding those storms which come from the far west and north- 
west, the center of whose paths is generally north of lat. 40°; 
and the second class including those storms which come from 
the south and south west, and which generally appear to origi- 
nate in Texas or the Gulf of Mexico. Storms of the second 
class are comparatively infrequent, forming only about one- 
sixth of the whole number of storms. They are almost un- 
known in the summer months, and are most frequent in the 
winter and spring. The majority of them have their origin 
west of the mouth of the Mississippi River, and their average 
course is N. 60° E., being 22° more northerly than the general 
average of storms, which would show the average direction of 
storms of the first class to be nearly due east. Theaverage velocity 
of these storms does not differ much from that of storms of the 
first class. The majority of storms of the second class reach the 
Atlantic Coast before arriving at lat. 40° ; and from thence their 
paths generally appear to be nearly parallel to the coast. One 
of these storms (Oct. 25, 1872) was diverted inland, and ad- 
vanced northward nearly to Rochester, after which it turned 
eastward in the direction of Halifax. Another storm (Oct. 
19, 18783), after passing near Cape May, was diverted north- 
westward as far as Mackinac, after which it turned again to the 
northeast. But these were rare exceptions to a very general 
rule. Nearly all the storms of this class, as soon as they reach 
the Atlantic, appear to advance northeastward in a direction 
nearly parallel to the coast. 

Storms of the second class comprehend those violent move- 
ments which are commonly called cyclones. One of these passed 
over Punta Rassa, in Florida, Oct 6, 1878, where the barometer 
in 14 bours fell from 29°96 to 28°40, and afterward the storm 
continued its course with diminished severity, traveling north- 
eastward nearly parallel to the Atlantic Coast. 

The approach of storms of the first class is usually indicated 
upon the weather maps by the word /ow, at some point west 
of the Mississippi River north of lat. 40°, generally in Minnesota 
or Nebraska. Frequently we find the word low on the maps of 
two or three successive days, occupying nearly the same posi- 
tion, indicating either that the center of the storm was nearly 
stationary for 24 hours, or that the precise position of the 
storm’s center was undetermined, and it could only be located at 
some distance westward. When the storm has advanced so far 
eastward that the exact position of its center can be assigned, 
it generally manifests a decided preference for the region of the 
northern lakes, particularly Lakes Superior and Huron; and 
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from this region the average course of storms is almost exactly 
east. 
Where do the storms which seem to come from the far west 
originate ? 

On the U. S. weather maps the isobaric lines are seldom ex- 
tended westward beyond the meridian of twenty degrees west 
of Washington. According to these maps, about three-quarters 
of all our storms seem to originate in the neighborhood of Ne- 
braska. In order to determine whether such is really their 
place of origin, I have taken the volume of signal service obser- 
vations for Sept., 1872, and projected all the barometric obser- 
vations in curves, arranging the stations in the order of longi- 
tude. From a comparison of these curves it appears that for 
the month of September, 1872, all the principal oscillations of 
the barometer at Portland, Oregon, can be traced at Fort Ben- 
ton, Virginia City, Fort Sully, and at each of the other stations 
extending eastward to Lake Superior and Lake Michigan. In 
order to exhibit this fact more clearly, I have taken particular 
cases, and have drawn certain isobaric curves for several suc- 
cessive days. Plate 1 shows the isobaric curve of 29°8 for three 
successive days. On the 19th of September a slight fall of the 
barometer was observed in Montana, probably the result of a 
fall of rain on some of the mountains of that region. No rain 
was reported on that day from any of the signal service stations, 
but the weather was reported “threatening” ‘at Fort Benton and 
Corinne, and “cloudy” at Virginia City, Cheyenne, ete. The 
first curve on the left shows the isobar 29'8 for 74 A. M., Sept. 
19th. The second oval shows the isobar 29°8 for 74 A. M., Sept. 
20th. On this day slight rain fell at Cheyenne; the we eather was 
reported “threatening” at Denver, Omaha and Leavenworth ; 
and “cloudy” at Breckenridge, Fort Sully, St. Paul, ete. The 
oval on the right shows the isobar 29°8 for 73 A. M., Sept. 21st. 
On this day, half an inch of rain was reported at Duluth, 2 inch 
at Marquette, and slight rain at a few other stations near ‘Lake 
Michigan. In two days the center of these isobars traveled 

eastward about 980 miles, or at an average rate of 20 miles per 
hour. The next day the storm advanced toward the northe east, 
and passed beyond the range of our stations of observation. 

About three days later, “another and more considerable de- 
pression of the barometer followed nearly in the track of the 
preceding. Plate 11 exhibits the isobar 29-7 for four successive 
days. On the 22d of Sept. a considerable fall of the barometer 
was observed from Oregon to Dacota. At 744. M. the isobar 
of 29-7 was an oval extending westward nearly to the Pacific 
Ocean, and eastward to the Missouri River, a distance of about 
1100 miles. On the same day “heavy rain” was reported at 
Portland, Oregon; at Fort Benton over a foot of snow fell on 
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the 22d and 23d; snow and rain fell at Virginia City; and it 
was cloudy at Corinne, Fort Sully, ete. The second oval on 
Plate 11 shows the isobar 29-7 at 74 A. M., Sept. 23d. On this 
day rain or snow fell at Fort Benton, Virginia City, Cheyenne, 
Fort Sully, Breckenridge, and several places further east. The 
third oval shows the isobar of 29°7 at 7} A. M., Sept. 24th. The 
longer axis of this oval, instead of being turned east and west 
as on the two preceding days, was now turned nearly northeast 
toward Lake Superior. Near the center of this oval the bar- 
ometer stood at 29.36. On this day over half an inch of rain 
fell at St. Louis, Cairo, Davenport and Duluth, and a less 
amount at other places. 

On the morning of Sept. 25th, the center of the isobar 29:7 
was nearly over the middle of Lake Superior. On the north, 
this isobar extended beyond the range of our observations, so 
that only the southern portion of the curve could be definitely 
located. At Duluth the barometer stood at 29°38. On this 
day considerable rain fell at Duluth, Escanaba, Oswego, Kings- 
ton, etc. During the next 24 hours the center of this storm 
remained nearly stationary over Lake Superior, but on the fol- 
lowing day it advanced northeastward, and passed beyond the 
range of our observations. In three days the center of the storm 
traveled eastward about 1280 miles, being at an average rate of 
18 miles per hour. 

It seems probable that this storm originated, or at least was 
first developed into a storm of considerable magnitude, through 
the collision of moist air from the Pacific Ocean with some of the 
high mountain peaks in Oregon, resulting in a heavy fall of rain 
orsnow. The fact which is of special interest is that this storm 
when once organized, traveled over all the mountain ranges be- 
tween the Pacific Ocean and Lake Superior without sensible 
obstruction. The same fact is noticeable in the storm of Sept. 
19-22d, and several other storms of the same month. We hence 
infer that those storms which come to us from Nebraska some- 
times originate in the mountains of Oregon, and probably some- 
times come from the Pacific Ocean, whence they travel east- 
ward, occasionally passing entirely across the continent to the 
Atlantic Ocean. 

The reductions described in the preceding article have all 
been made under my direction, but the chief labor has been 
performed by Mr. Edward S. Cowles, a graduate of Yale Col- 
lege of the class of 1873. 
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Art II.—Preparation of Photographic Dry-Plates by Daylight, 
by desensitizing and re-sensitizing the silver compounds; by 


Prof. C. F Himes, Ph.D., Dickinson College, Carlisle, Pa. 


THE inconveniences, and the unpleasant, prolonged confine- 
ment in the dark room, connected with the preparation of 
photographic dry-plates have, perhaps, done more to render 
their employment uninviting than any feeling of uncertainty 
as to the results with them, although in many cases they are a 
matter of necessity rather than of convenience. Among the re- 
sults of a series of experiments on the desensitizing and re- 
sensitizing of the haloid salts of silver, published several years 
ago, a decided simplification of the method for the prepara- 
tion of dry-plates, more particularly by the tannin process, 
was obtained, which was adopted in the commercial preparation 
of dry-plates, and by some individuals. Its apparent conflict, 
however, with what might almost be termed photographic in- 
stincts, has doubtless prevented its more general adoption. 
Some recent experiments indicating the direction for further 
improvement, and the recent publication of a process by Krone, 
embodying, in a measure, a similar principle proposed to be 
employed in photographing the transit of Venus, render fur- 
ther allusion to it at this time in place. Glass plates coated 
with ordinary bromo-ivdized negative collodion are sensitized 
in the usual argentic nitrate bath, in bright daylight, and are 
then thoroughly rinsed, or washed, in a tray of distilled water 
to remove the larger portion of the adhering silver solution. 
Any effect of the light upon them during these operations 
is removed at once, and, as far at least as practical photography 
is concerned, entirely, by flowing them once or twice with 
about a five per cent, or even weaker, solution of potassic iodide, 
or bromide; or the removal of the effect of light, or at least 
of any developable effect, can be just as effectually accom- 
plished by simply rinsing the plates well, on their removal 
from the silver bath, and exposing them to the prolonged 
action, say for several hours, of direct sunlight, or bright dif: 
fused daylight. Plates in this condition, insensitive to light, 
are simply allowed to dry, and can then be kept indefinitely, 
and are again rendered sensitive to light, in a few minutes, by 
immersing them, in the dark, in a solution of tannin of 15 

rains to the ounce of water, or by flowing such a solution 
back and forth over them for half a minute, after they have 
been moistened with distilled water. Being then dried they 
will retain their sensitiveness unimpaired for months, and, the 
writer has reason to believe, for years. The time of the expo- 
sure in the camera, as well as of development with the pyro- 
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gallic acid developer, is about the same as that of ordinary 
donee plates, whilst the results are perhaps more certain, and 
the negatives cleaner. 

The principal advantages of the preceding method lie in the 
complete division of the operations. The plates can be brought 
to the tanninizing stage leisurely, and comfortably, at any 
time, in an ordinary well-lighted and well-ventilated room; and 
the confinement to the dark room, with its damp and unhealthy 
atmosphere, when all the operations are conducted in it at the 
same time, is thus reduced to a minimum, since the tannin- 
izing of a dozen plates will require but a few minutes at night. 
The washing of the plates is also not only accomplished with 
less trouble, but more perfectly, and the possibility of acci- 
dental stains, so great when solutions of such photographic in- 
compatibles as argentic nitrate and tannin must be used in 
close succession, is entirely eliminated. 

Other substances, as different soluble haloid salts, may be 
employed to desensitize the plates, and other sensitizing agents 
may be employed, a solution of argentic nitrate being in many 
respects the best. The sensitizer may also be applied before 
the plate has been allowed to dry; the exposure in the camera 
may also be made whilst it is yet wet; and in the latter case 
the time required for both exposure and development is less; 
but attempts to reduce it to that required for ordinary wet 
plates, and thus to obviate the necessity for a dipping bath of 
argentic nitrate in field photography, were not successful. 
Experiments upon dried desensitized plates, by “fuming” 
them with ammonia, as in the ordinary paper printing process, 
show that it possesses a decided sensitizing effect, but that the 
degree is dependent on a proper regulation of the time of 
fuming, since portions of the same plate exposed for different 
lengths of time to its action manifested differences in sensitive- 
ness under development with the pyrogallic acid developer, 
after exposure in the camera; and those fumed for the longest 
time, as well as those for the shortest time, were less sensitive 
than those acted on for an intermediate length of time. In 
the process recently suggested by Krone, the operations are 
also conducted in daylight, the effect of which is prevented in- 
stead of removed. This is accomplished by taking advantage 
of the well known fact, that argentic iodide, formed in the 
presence of excess of potassic iodide, is insensitive to light, 
but may be rendered sensitive. The plates are coated with a 
collodion containing argentic nitrate, and immersed in a bath 
of potassic iodide, or in some cases of potassic iodide and 
bromide, and are then washed, and dried, and subsequently 
sensitized with argentic nitrate solution. Organic matter is 
added to all the solutions, including the collodion, in the form 

Am. Jour. Series, VoL. VIII, No. 43.—Ju.y, 1874. 
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of an alcoholic solution of shellac and sandarach, and this may 
play a very important part in the process. Unless, however, 
the results obtained are superior in rapidity, or quality, the in- 
convenience, involved in the preparation of special collodion 
and special baths, will prevent its replacing the former method, 
in which all the solutions employed are such as are in common 
use. The employment of argentic iodide alone is suggested 
for photographing the transit of Venus, and it is also stated 
that with bromo-iodized films, it is necessary to protect them 
from the light, even before sensitizing them, on account of the 
effect of light on the argentic bromide. The writer in his first 
experiments also confined himself to the use of iodized col- 
lodion and potassic iodide, for a similar reason, but was 
subsequently convinced by numerous experiments, that this 
direct, or photo-chemical, action of light on argentic bromide, 
when a bromo-iodized collodion is employed, as shown in the 
bluish cast of the film, is also either entirely removed in the 
subsequent desensitizing, or plays no part in the subsequent 
development, and is too feeble of itself, if it is not entirely 
removed in fixing, to merit practical consideration. Neither 
was it found necessary to prolong the immersion of plates in 
the silver bath when coated with a collodion containing a 
bromide, as it seems it is necessary in Krone’s process to 
prolong the immersion of plates coated with the silver col- 
lodion, when the bath contains potassic bromide with the 
iodide. 


Art. IIl.—Brief Contributions from the Physical Laboratory of 
Harvard College. No. 1X.—On a Molecular Change produced by 
the passage of Electrical Currents through Iron and Steel bars ; 
by JoHN TROWBRIDGE. 


In the foliowing experiments the magnetism induced in soft 
iron and in steel bars is employed to show the molecular change 
produced by the instantaneous passage of electrical currents 
in an axial direction. The apparatus employed was the follow- 
ing: Two coils, B and C, of thick copper wire 12 cm. long, 9 
cm. in diameter, were connected with the poles of a Daniell’s 
cell. The soft iron or steel bars, 2 meters in length, 12 mm. in 
diameter, were introduced as cores into one of the coils, B. A 
coil, A, of fine copper wire was slipped upon the core to a dis- 
tance of 25 cm. from the face of the magnetizing helix B. This 
coil of fine wire was connected with a Thomson’s reflecting gal- 
vanometer. Thesecond magnetizing helix of coarse wire, C, was 
so arranged that its action neutralized the inducing effect of the 
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electric currrent circulating through the helix B. When the 
circuit, therefore, was made through B and C, an induced cur- 
rent passed through the helix A and the galvanometer, which 
was due to the magnetism of the core at the distance of 25 em. 
from the face of the helix B. The iron core was then made a 


portion of an independent electrical current. Thus it was pos- 
sible to magnetize the iron core by the helix B, and to send a 
current through it in the axial direction by the independent 
circuit. We shall call the magnetizing circuit circuit a, and 
the axial circuit circuit 7. 

The circuit @ was first made and the deflection of the gal- 
vanometer noted; it was then broken. The following table 
shows the results obtained: 6, represents the deflection pro- 
duced by the magnetism of the bar, 6’, after the circuit # was 
made, 6’, after the breaking of the circuit 4. Two Grove cells 
were used upon the circuit f. 


TABLE I. 

6 
110 150 155 
110 145 150 
110 150 155 
110 150 155 


This table shows that the instantaneous passage of the axial 
current through the iron bar gave rise to an increase in its 
magnetism. This phenomenon was apparent both at making 
and breaking the axial circuit. The increase of magnetism 
was greater on the breaking of the circuit # than on the making. 
This increase of magnetism disappeared on the second making 
of the magnetizing circuit a. 

The magnetism of the core was then reversed, and the same 
effects were noted. An instantaneous passage of the axial cur- 
rent # was sufficient to produce the increase of magnetism. 
The following table shows the effects produced by allowing 
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the axial current f to be made permanently. D and D’ repre- 
sent the deflections produced by repeatedly breaking the mag- 
netizing circuit @. 
TABLE IT. 
120 
120 
120 
120 


It will be seen that the same effects were produced as on in- 
stantaneously making and breaking; there was no increase or 
diminution noticeable. ‘Table III. shows the effect of rapidly 
reversing the current # through the iron bar. 


TABLE III. 
é Current in one direction. Current in two directions. 
120 190 240 
120 180 230 
120 190 240 
120 190 240 


In all cases the rapid reversal of the current through the iron 
bar produced a momentary increase of magnetism, which dis 
appeared on the magnetization of the core by the circuit a. 


Experiments were then made upon the permanence of the 
effect of the instantaneous passage of an electrical current 
through an iron bar. Observations were taken at periods of 
three hours after the passage of the current through the iron. 
The results are embodied in Table IV. 


TABLE IV. 

6 D. 
160 190 160 
150 180 150 
137 167 137 


Allowance having been made for variations in the batteries 
used, it was found that the iron bar maintained the molecular 
state imparted to it by the axial current during the period of 
observation, viz: three hours. 

Table V. shows the effect upon a steel bar of the same dimen- 
sions as the soft iron bar previously used. The conditions of 
the experiments were the same. 


TABLE V. 
180 
185 
180 
184 


q 

D. 
160 160 
160 160 
160 160 
160 160 
f 
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The increased effect is less marked in steel than in iron. 
The following table shows the effect of rapid reversals of the 


current. 
TABLE VI. 
D. 
160 180 190 
160 180 190 
160 185 189 
160 180 190 


It will be seen that the effects in this case are much less than 
in the case of soft iron. The current was passed through differ- 
ent portions of the iron bar outside of the portion covered by the 
helix A, which was connected with the galvanometer, but no 
effect was produced. The effect of heating the iron bar by the 
passage of the axial current / was infinitesimal on account of 
the large size of the bar and the instantaneous duration of the 
current. 

The conclusions from the foregoing experiments appear to 
be as follows : 

1. The passage of an electric current through an iron or steel 
bar produces a molecular change in it, which is apparent both 
at the closing and breaking of the circuit. 

2. The rapid change of direction of a current through iron or 
steel bars produces a molecular disturbance which is greater 
than that imparted by a current sent in one direction alone. 

3. Magnetization of the iron or steel bar is sufficient to 
restore it to the normal magnetic state which is imparted by 
the magnetizing helix. 

4. The molecular action increases with the strength of the 
electric current. 


No. X.—Magnetism of Soft Iron; by Davip SEars. 


The Comptes Rendus of Jan. 12th, 1874, contains an article 
by M. J. Jamin on the magnetism of soft iron. M. Jamin in- 
vestigated the magnetic condition of an iron bar which formed 
the core of two helices. The poles could be made opposite or 
the same at will. The strength of the magnetization of the 
iron was tested by moving a piece of iron along the bar and 
ascertaining the amount of force necessary to detach it. M. 
Jamin's experiments showed that the magnetization was great- 
est when two north or two south poles were opposed, and 
least when a north and south pole were directed toward each 
other. These results seem to him to require a modification in 
the received theory of solenoids. 
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In the following experiments the soft iron bar, instead of 
forming the core common to both magnetizing helices A and 
B, formed their arma- 
ture. A coil of fine g 
wire was slipped upon 
the iron bar, which was 
graduated in millime- 
ters. This coil, which 
we shall term C, was 
connected with a re- 
flecting galvanometer. 
The coils of the bobbin 
C being thus at right 
angles to those of the A 
magnetizing helices A and B, the effects of the induction by 
the current circulating through A and B were obviated and the 
induced current which arose in C on making the magnetizing 
circuit was due to the magnetism of the iron bar alone. This 
method has great advantages over that of the proof bar. The 
observations can be taken readily and quickly; and it was 
found that the charge of magnetism through a space of a milli- 
meter could be readily measured. In the first experiment the 
two magnetizing helices A and B were placed directly opposite 
each other, with their cores touching the middle of the iron bar. 
Table I. represents the results obtained when a north pole was 
opposed to a south pole. 


TABLE I. | TABLE II. 


Distance of the bobbin C Distance of the bobbin C 
from A and Bincentimeters. Defiections. ||from A and B in centimeters. Deflections. 


14 ~ 360 
13 | 9 328 
10.5 | 10 308 
9 | 11 278 


Table II. represents the results obtained when two north or 
two south poles were opposed. 

In the latter case observations for the first four centimeters 
could not be taken, for the spot of light from the reflecting galva- 
nometer was thrown off the scale. It will be seen that the mag- 
netization of the bar is far greater in the latter case than in the 
former, at points remote from the opposed poles. Between the 
poles, however, the magnetization was greater when poles of 
the opposite name were opposed. In the above experiments 
the bobbin C was placed beyond the magnetizing helices. In 
the experiments which follow it was placed between them. In 
Table III. the distances of the bobbin C from the point midway 
between the two helices A and B are denoted by «, and the 
corresponding deflections by y. 


1 
| 2 
3 
| 


| 11/04 


3 


zo 
2 


CU 


D. Sewrs— Magnetism of Soft Iron. 23 
d 
| | 
| | 
| | | 
| | 
| lo | lo 
ite) 
| 
| 


D, Sears—Magnetism of Soft Iron. 


TABLE III. 
Positive Positive Negative 
Values of ~. values of y. Values of z. values of y. Values of z. values of y, 

0 cm. 0 14 137 21 220 
er 5 15 150 2° 210 
- 15 16 164 : 197 
22 17 180 2 185 
30 18 190 2 170 
37 20 204 26 156 
46 21 220 142 
55 130 
65 120 
76 112 

86 

87 

110 

125 


These results are expressed by the curve in fig. 1. The 
positions of the two north poles were = +20 and r= —20, 

Table IV. represents the values obtained when a north pole 
was placed at <= +20 and a south pole at x= — 20. 


TABLE IV. 
Positive Positive Negative 
Values of x. values of y. Values of x. values of y. Values of x. values of y. 

13 cm. 194 17 cm. 230 

205 220 

220 205 

230 200 

185 

160 

145 

134 

120 

105 


These values are expressed by the curves in fig. 2. The 
results obtained when the bar whose magnetism is tested forms 
the armature of two electromagnets are the reverse of those 
got by making the bar the core common to both the magne- 
tizing helices A and B, which was the case investigated by M. 
Jamin. While his experiments tends to invalidate the theory of 
solenoids, ours tend to confirm it. 

The following appear to be the conclusions from the pre- 
ceding experiments. 

1. With poles of the same name opposed to each other the 
magnetization of an iron bar forming the armature of the two 
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poles is greater on a part of the armature beyond the two poles 
than it is when poles of opposite signs are opposed. 

2. On points of the armature between the two poles the mag- 
netization is greatest when poles of the opposite names are 
opposed. A north and south pole attract an armature, there- 
fore, with much greater force than two north or two south 
poles. 

3. M. Jamin’s conclusions from the experiments upon an 
iron bar forming a core to the enveloping helices are as follows: 

3°. “If the theory of solenoids is admitted, the action of par- 
allel currents should be to increase the intensity of magnetiza 
tion; on the contrary, it is diminished. 

4°. When the currents in the magnetizing helices run in 
opposite directions, they should act opposed to each other on 
the currents circulating around the particles of the iron, and 
should diminish each other’s action; on the contrary, it is 
increased. 

5°. The action of the helices should be annulled at the mid- 
dle of the bar. It is not.” 

When the bar to be experimented on forms not the core, 
but the armature of two electromagnets, the effects obtained 
are the reverse of those obtained by M. Jamin, and tend to 
confirm the theory of solenoids. 


Art. IV.—Mineralogical Notes; Tellurium Ores of Cuolorado ; 
by B. Stuuman.* With a note by Arcu. P. MARVINE, on 
the Position and Geology of the Gold Hill Mining Region. 


In May, 1873, I briefly announced the discovery of tellurium 
gold ores at the Red Cloud Mine in Colorado, and stated that 
Prof. N. P. Hill, of Blackhawk, had proposed to send me speci- 
mens of these ores.t The specimens sent by Prof. Hill were 
long in reaching me, and it is only recently that I have ex- 
amined them. The observations made in the summer of.1873 
by the officers of Dr. Hayden’s Expedition have supplied the 
data needful to understand the mode of occurrence of these ores, 
for the details of which reference is made to Mr. Marvine’s 
notes and map, which form part of this paper. 


* The substance of this paper was communicated at the April session (1874) of 
the National Academy of Sciences at Washington. Since then, Mr. Marvine, of 
Dr. Hayden’s Expedition, has kindly furnished me with the accompanying map and 
section, showing the position of the Gold Hill Mining Region, in advance of his 
forthcoming report, with a brief statement of the geological structure of the dis- 
trict, which I am happy to be able to quote as a substitute for the less detailed 
statement made orally by me to the Academy. 

+ This Journal, ITI, vol. v, 286. 
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It appears from them, in general, that near the mining hamlet 
of Gold Hill, about twenty-five miles northwest of Denver City, 
and at an elevation of almost 8,000 feet above tide, is a wide 
dike of prophyry cutting the metamorphic rocks, probably of 
Archean age, about six miles west of where the Triassic rocks 
die out at the base of the mountains. A section of this dike, a 
furnished by Mr. Marvine, 
is annexed, showing the tel- 
lurium-bearing veins B and 
C on its sides. The porphy- 
ry of which it is composed 
has distinct crystals of feld- 
spar implanted in a_pur- 
plish-gray paste. These 

and tellurium ores. crystals have a greenish- 
white color, and are evidently partly decomposed. As seen in 
a microscopic section, it shows the usual obscurely crystalline 
ground-mass of felsite, with crystals of quartz, and sections of 
feldspar crystals showing the parallel bands of a triclinic species. 
A glance at the map shows the position and course of this dike, 
and also the existence of other dikes of porphyry in the same 
region. The porphyry from the “7-30” and “Central” Mines 
closely resembles that from the ‘‘ Red Cloud,” while that from a 
dike (No. 186) between the “7:30” and the “‘ Americus” is dis- 
tinctly trachytic, and that from the “ Niwot” Mine, at the west 
margin of the map (No. 181), is a quartz-porphyry, with dis- 
tinct crystals of biaxial mica. Those from the dikes at Jim 
Town (specimens No. 147), on the north border of the district, 
are distinct sanadin-trachyte. 

The tellurium ores have been explored, so far, only in con- 
nection with the dike near Gold Hill, shown in the section, 
although they exist with the dike at “7:30” and the “Central.” 
These ores are found along the line of contact of the walls of 
the dike, in a quartz gangue, associated chiefly with pyrite in 
small, brilliant, highly modified crystals, and rarely with chalco- 
pyrite and sphalerite. Prof. Hill speaks (loc. cit.) of lead; but 
I have found no salts of this metal in the specimens received. 
The quartz is chiefly hornstone and uncrystalline quartz, and, on 
the side of the country rock, it is mixed with feldspar. Native 
gold is not visible in any of the specimens I have seen of this 
ore from below the surface; but where the surface is weathered, 
it exhibits free gold, arising from the decomposition of the 
tellurets. 

On the sides of the dike the line of division is clearly 
defined, but not so on the side adjacent to the metamorphic 
rocks, it blending on this side with the granitic materials. The 
thickness of the veins varies from four or six feet to a few 


B. Silliman—Mineralogical Notes. 27 


inches, but the rich tellurium ores form a comparatively nar- 
row seam near the center of the vein. The Red Cloud Mine, 
which is found on the under side of the dike, has been explored 
to a depth of about seventy feet. The Cold Spring Mine is 
cg on the upper side of the dike. The tellurium ores are 
not found in the body of the dike, but have (owing probably to 
the long continued high temperature of the dike) found lodge- 
ment in the granite outside of the walls, and not in immediate 
contact with them. 

The species at the Red Cloud Mine are native tellurium, 
sylvanite and hessite (which has been called petzite). The 
simplicity of the mineralogy of this locality is in strong contrast 
with what is found in the tellurium veins of Transylvania, 
which are mentioned more particularly farther on. 

Native Tellurium.—The occurence of this rare species in the 
United States, in California, was mentioned by Dr. Genth with 
a query, in his Contributions to Mineralogy, No. vii (this Journal 
IT, xlv, 318). Its existence in the Red Cloud Mine is unequivo- 
cal. It wassimultanteously, yet independently, detected by Dr. 
Endlich and myself, in a small specimen from the collection 
made at the mine last summer, and now forming part of the 
Smithsonian Collection in Washington. It did not exist in the 
collection of those ores sent to me by Prof. Hill. The hex- 
agonal cleavages are perfect, and one small and very perfect 
crystal was found, which has been measured by Mr. E. S. Dana. 
Its reactions before the blowpipe are perfectly in accordance 
with those of the species. It contains no selenium and only a 
trace of gold. 

Auriferous Hessite——This mineral has been spoken of as 
petzite; but it contains much too little gold for this latter 
species.* Its sp. gr. is 8°6; luster splendent metallic when 
freshly broken; fracture conchoidal, brittle, but somewhat 
malleable; under the pestle laminates into thin scales, and is 
with difficulty reduced to fine powder, leaving on the agate sur- 
faces metallic streaks of plumbago-like color. Color telluric, 
tarnishes blackish on exposure, sometimes iridescent. Cleavage 
none. 

Before the blowpipe in the closed tube, the pure mineral 
(with no trace of pyrite) decipitates, fuses to a globule adhering 
to the glass, and exhales a white sublimate, fusing into clear 
colorless globules. Alone on coal in both flames it gives a 
globule, coats the coal with the characteristic areola of tellurium 
and tellurous acid; it does not exhale any odor of selenium, nor 
show any trace of lead. The globule is non-magnetic if pyrite 
is absent, and does not vegetate with silver as hessite does ; 


* Mr. A. Eilers, M.E., in a notice of the Red Cloud Mine, in the Transactions of 
the American Institute of Mining Engineers, vol. i, p. 315, considers it petzite. 
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with soda it gives a large bead of silver, which dissolves in 
nitric acid, leaving gold in powder. 

Cupellation gave gold 6°40 per cent, and silver 50°90. 

By a partial analysis I found, in the wet way, gold 7°181; silver 
51°061 per cent. Understanding from Dr. Genth that he is en- 
gaged in the chemical investigation of this species, as well as of 
the other tellurium minerals of the Red Cloud Mine, with abun- 
dant material, I have willingly abandoned this work to him, 
satisfied that it cannot be in better hands. 

Sylvanite.— This species from the Red Cloud Mine yields in 
the open tube a faint odor of selenium, and the gray ring of 
tellurium is preceded by a slight reddish ring of selenium. In 
the closed tube the ring of tellurium is more distinct, and the 
deep yellow-brown vapor of the metal is clearly seen, but the 
selenium is not evident. 

Alone on the coal it fuses with exhalation of the odor of se- 
lenium and its well characterized blue flame. The first touch 
of the outer flame causes a liquid fusion, coating the coal, like 
argentic nitrate, with a silver film, and a yellow areola appears 
before the white film of tellurium oxide. Continuous flaming 
in the reducing flame produces a well marked yellow brown 
areola within the tellurium ring, becoming as it cools much more 
brown. It probably contains lead and antimony. _ Its reactions 
are not those given by Berzelius for sylvanite. It contains by 
assay gold and silver in the proportion 17 tol. In the for- 
mula (Au. 28° Ag. 15°7) the ratio of the gold and silver is 
18:1. My stock of this species was not sufficient to permit a 
determination of the specific gravity. 

Prof. Hill, who has smelted large quantities of the ores of the 
Red Cloud Mine, informs me that “ these minerals exist in this 
ore as minute particles, or so finely divided as to produce the 
effect of a stain in the rock. One of the specimens sent—the 
darkest colored—assayed here, was found to contain 1890 
ounces of gold and 5300 ounces of silver to the ton of 2000 
Ibs.” —about $50,000 in value. 

Comparing what is known of the mineral associates of the 
tellurium ores of Colorado with those of Transylvania, as de- 
scribed by Von Cotta, the great simplicity of the mineralogy of 
the Colorado veins becomes very conspicuous. The age of the 
porphyry dikes which cut the Archean rocks of Colorado has 
not been determined ; but it is probable that they are more 
recent than the Triassic rocks which flank the base of the moun- 
tains. The tellurium veins of Offenbanya are accompanied by 
igneous rocks of more recent date than the Eocene sandstones, 
and those of Nagyag exist only in connection with igneous 
rocks, also of probable Eocene age (called by Von Hingenau 
“‘sreenstone porphyry”), and compused of feldspar and amphi- 
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bole, which have broken through sandstones and argillaceous 
shales. In Offenbanya, the tellurium ores occur under very pe- 
culiar geological conditions ; that is, in veins in igneous KM 
and in segregated masses in granular limestone. The veins 
occupy thin clefts, fifteen of which on one property are tolerably 
parallel to each other (E. and W., dip 30°-40° N.), with an aver- 
age width of about an inch, and they carry chiefly sylvanite 
and nagyagite sparingly distributed, and more rarely native gold. 
The chief matrix is quartz and diallogite, associated with pyrite, 
galenite, sphalerite, stibnite, native silver and pyrargyrite. 

The gangue of the Nagyag lodes is diallogite, or brown spar, 
or calcite, or hornstone and quartz, it varying in the different 
lodes and in different parts of the same lode. The gold-bear- 
ing tellurium ores are scattered through this gangue with man- 
ganblende and pyrite. The chief ores worked are nagyagite, 
sylvanite, gold, auriferous iron pyrites, argentiferous tetrahe- 
drite, native silver and galenite. Associated with these are 
hessite, bournonite, jamesonite, barite, sphalerite, stibnite, native 
arsenic, realgar, orpiment, silver glance, chalcopyrite, marcasite, 
native copper, malachite, pyrrhotite, sulphur, &., with va- 
rious epigene species. In all, over forty mineral species are 
enumerated as found in the veins of Nagyag. Compared with 
this abundance, we find at the Red Cloud Mine only native 
tellurium, sylvanite, hessite, pyrite, chalcopyrite, and more rarely 
galenite and sphalerite, with native gold as an epigene species 
at surface. The gangue stone is hornstone or chalcedonic 
quartz, with feldspar. 

Possibly explorations at greater depths may develop other 
species; but this result has not followed the deep workings of 
the silver mines in Nevada, where, at the depth of 1500 feet, the 
number of species found is not greater than it was at the sur- 
face. A like paucity of species characterizes the metamorphic 
and volcanic rocks of the Sierra Nevada in California. 


Position and General Geology of the Gold Hill Mining Region ; 
by Arcu. R. MARVINE, Geologist of the Geological Survey 
of the Territories in 1873.* 


THE accompanying map has been prepared to show the 
general outlines of the country in the neighborhood of the Gold 
Hill and Ward mining districts, in the mountains of Colorado, 
while the following remarks explain briefly the position of the 
region in relation to the surrounding country, as well as its 
general geology, as determined during the exp.orations of the 
summer of 1873. 


* These notes form part of Mr. Marvine’s Report, in the volume of Reports of 
the Expedition for 1873. 
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Nearly parallel with, and a few miles west of, the western 
border of the country represented on the map, rises the main 
continental “divide” in a north-and-south crest, which here 
reaches an altitude of nearly thirteen thousand feet above the 
sea level. From the base of the main crest a zone of moun- 
tainous country extends eastward, which is cut through by the 
streams in a general east-and-west direction. 

The intervening ridges are not sharp, ,but of a massive 
character, often with undulating surfaces, their higher points 
usually reaching in general a pretty uniform level, the rugged- 
ness of the country being produced by the deep cafions of the 
stream. It is a portion of this region that is represented on the 
map. 

At the east (near the border of the map) the region abruptly 
ends along a nearly north-and-south line, the massive spurs 
falling to the zone of “Hog Backs,” or ridges of upturned 
sedimentary rocks, which lie all along the base of the range. 

The “red beds,” probably of Triassic age, form the inner- 
most ridge, lying directly on the Archzan rocks of the moun- 
tains. These, in going eastward, are followed by the upturned 
edges of Jurassic shales, the Cretaceous groups, and the great 
Lignitic formation, of as yet disputed Cretaceous or Eocene age, 
which stretches eastward, and forms the beds directly under- 
lying the Great Plains. 

Boulder City is on the border between the mountains and plains, 
and is reached by railroad, Denver City being but twenty- 
five miles to the south and east. From Boulder City, wagon 
roads up the various cafions give access to the mines in 
the mountains. South of the region represented on the map, 
from fifteen to twenty miles, is Clear Creek, much like the 
Boulder in general character, on the tributaries of which the 
better known mining regions of Georgetown, Idaho, Empire, 
Black Hawk, and Central City are situated. 

The rocks of the mountains, as a whole, may be considered 
as being composed of a great series of metamorphic rocks of 
Pre-silurian age. Quartzites, siliceous, micaceous, some horn- 
blendic and garnetiferous schists, gneisses and granites, all 
occur ; the gneiss, with possibly granite, in the greater propor- 
tion. While large areas of structureless granite abound, ap- 
parently of so-called plutonic or eruptive origin, search seldom 
fails in finding spots or areas more or less large of gneissic or 
even distinct schistose structure. The fact that these usually 
merge imperceptibly into the surrounding granite, as well as 
conform in their strikes and dips to the general system of folds, 
as more plainly indicated perhaps in adjacent schistose regions, 
show that such granites have been metamorphosed in situ and 
are indigenous rocks. At the same time sharp lines of 
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demarcation, and the occurrence of dikes and allied features, 
show that the conditions of extreme metamorphism have 
probably been accompanied by a great softening of the rock, 
allowing ready molecular rearrangement into structureless 
forms, and producing plutonic and other appearances indicative 
of an exotic character. 

The same granite mass, approached from opposite sides, 
might convey entirely different impressions as to its origin; a 
metamorphic indigenous nature being indicated upon the one 
hand ; an eruptive, exotic origin upon the other. 

I doubt if any of the large granite masses of the mountains 
are of true intrusive character, and even if those smaller ones 
which are clearly intrusive have come from great distances 
below, or are other than of the same series of rocks melted by 
the heat accompanying the metamorphism of the mass. 

Along the south side of the map, and exposed by the cafion 
of the Boulder Creek, are massive gray granites, with but 
few points where any structure was observed. 

All along this half of the map the general strike is approxi- 
mately east and west, with a northern dip. This is the case 
also along its west ‘porder. Near the north and east sides, 
however, the dip is south, indicating a synclinal structure 
running through the middle of the eastern portion of the map. 

A horizon in which a definite schistose structure tends to 
occur is indicated by the dotted area running through the 
center of the map. Some of the rocks here are distinct schists, 
but little changed, and include very irregular red and black 
banded mica schists, garnetiferous, and some handsome, fine 
and evenly banded, gray gneissic schists. In places, this zone 
may be lost in granite, but opportunity did not offer to care- 
fully follow it throughout. Most of the granite on the north 

edge of the map contains little if any mica, tending to a red- 

dish granular aplite. The schist zone shows the folds of the 
formation very well, some of them being very abrupt, and 
regions of great contortion. All the observed strikes and 
dips are indicated on the map, but the general structure of so 
small an area cannot be well shown separated from the sur- 
rounding country. 

These schists and granites are pierced at many points by a 
number of dikes of felsite porphyry, which are ‘also indicated 
on the map. Usually these form hills or ridges, and while 
some are quite long, the prophyry has apparently often found 
vent through less extended openings, now showing as sugar- 
loaf formed hills, without the direction of the dike being 
clearly indicated. Such forms are shown by a cross. The 
porphyries vary considerably in character, but no careful com- 
parative examination of them has as yet been made. Some 
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contain remarkably handsome crystals of fieldspar, often of the 
form of the Carlsbad twins. 

The tellurium ores of Gold Hill occur in connection with 
one of these dikes. See the section on page 26. This dike 
varies from forty-five to thirty-five feet in width, trends about 
N. 80° E., and dips approximately 80° to the northwest. On the 
east side is the Red Cloud, on the west, the Cold Spring mines. 
The former, upon a casual examination, showed a well defined 
hanging wall or that on the side of the porphyry, a vein 
usually three or four feet in width, but in places pinching out 
to a few inches, with at one point a clay-like “gouge,” and an 
indefinite foot wall on the side of the coarse gneissic granite, 
which is here the country ruck. Some of the vein matter 
appeared as if a decomposed granite. 

Pyrite is the most frequently occurring mineral in the dull 
quartzose gangue of the vein; with it there is some zinc 
blende. I had no opportunity to examine into any paragenetic 
or other feature of the tellurium ores. 


Art. V.—Notes on Diffraction Gratings ; by JoHN M. BLAKE. 


DvRinG the past year I have had an opportunity to photo- 


graph some diffraction gratings. For this I have to thank 
Prof. George F. Barker, and also Mr. D. C. Chapman; who 
sent for the purpose a ruling on glass 6480 lines to the inch, 
by Mr. L. M. Rutherfurd. 

In reproducing these lines by photography, it is necessary to 
employ contact printing; for no lens would give the required 
definition over so large a surface, either for copying a ruling, 
or for originating a grating, by reducing from a large drawing 
on paper. A ruling one inch square, containing 6480 lines, 
would be represented by a drawing 27 feet square, in which 
the lines would have a separation of one-twentieth of an inch. 
The sensitive plates used in these trials had a hard and ver 
perfect albumen surface, which admitted of close contact wit 
the ruled plate. The impression was made by a beam of sun- 
light. The resulting photographs were negatives, having 
white lines on a dark ground; the dark spaces being from 
once to twice the width of the lines. They gave more brilliant 
spectra than the original ruling, and this was doubtless owing 
to the greater intensity and contrast of the lines. But it was 
found, on examination, that the photographs had an unexpected 
defect; and in investigating the cause of this some interesting 
phenomena were noticed. 

Am. Jour. Vou. VIII, No. 1874. 
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When a ruled plate is laid upon a film and lighted by a 
window, a series of rings or irregular bands can be seen on the 
grating, and similar appearances are reproduced in the photo- 
graph. These were at first thought to be Newton’s rings. 
They varied on pressure, but could not be made to disappear 
by this means in every case; as the slightest irregularity of 
the film prevented absolute contact. It was found that a 
separation of a thickness of paper between the surfaces did not 
cause these bands to disappear, but increased their number. 
They were therefore not due to the “colors of thin plates.” 
It will readily occur that these bands are of the same character 
as the effect seen on viewing one picket fence through another 
or the shadow of a piece of wire cloth through the cloth itself. 
The two sets of lines coincide in the light spaces, while in the 
dark bands the lines of the two series alternate. In the case 
we have to deal with there are one or more reflections between 
the brilliant surface of the film and the ruling. The precaution 
was always taken to stop reflection from the back of the sensi- 
tive plate by backing in optical contact. It may be interesting 
to note in this connection that a series of spurious bands can 
be seen crossing the spectra of a lamp when looking in one 
oblique direction through a glass ruling, the ruled surface 
being next the eye. When this position is found, the bands 
can be made to cross the first and second spectra, either 
parallel to true spectral lines, or obliquely, by rotating the 
glass plate in its own plane. These bands are evidently of the 
same character as those that have been described. 

If we take a photograph which was made with imperfect 
contact, and hold it away from the eye toward a lamp, so as 
to catch the second spectrum on its surface, we will often 
observe one or two irregular bands. If the grating is now 
moved further to one side, so that the third spectrum begins to 
cover it, a number of bands will make their appearance, and 
in the fourth spectrum the number is still further increased. 
As a genera] rule, the hight space between the dark bands in 
one spectrum is cut through by one or more dark bands in the 
next higher spectrum, and the dark band previously existing 
becomes a light space. Thus it happens in the higher spectra, 
which overlap, we may see two colors in alternate bands and 
not the two colors combined, as would be the case in a perfect 
grating. In some photographs the contact has been so perfect 
that no dark bands appear until the third or fourth spectrum is 
reached. The first spectrum is little impaired in any of the 
photographs of the 6480 line grating. The most brilliant spec- 
trum observed was through a grating which showed numerous 
dark bands in the second and third spectra. It is believed 
that, notwithstanding the defect causing these bands, there is 
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not produced a radical change in the accuracy of position of 
the lines. As proof of this may be mentioned the constancy 
of obtaining certain results now to be described. The follow- 
ing appearances were produced without any visible connection 
with the accidental bands on the photographs themselves, 
provided they were not viewed by light more oblique than 
was required to show the first spectrum. 

If two photographs are — with the films in con- 
tact and the lines brought nearly parallel, the inaccuracies in 
the ruling, though exceedingly small, are brought out in a 
striking manner. When the lines are brought exactly parallel, 
in the copies of the 6480 grating, by Mr. Rutherfurd, there is 
presented an almost unbroken shaded surface, excepting that 
a periodic error is shown by shaded bands parallel to the lines 
72 to the inch. If the plates are now turned a very little on 
one another, dark bands make their appearance, crossing the 
rulings at right angles, but subject to irregularities. First, the 
periodic error shows itself in the zigzag character given to 
the bands, and this is strikingly obvious. A displacement of 
the bands occurs at one place in the ruling, but after a short 
space they again return to their position. 

The first or periodic error must be due to the screw of the 
ruling apparatus. The second may have been due to a slight 
lateral Fasten of the diamond point, by some means, 
which continued for a short interval. As the plates are further 
turned upon one another, the bands rapidly increase in num- 
ber and become nearly straight, and when the lines are in- 
clined at an angle of five degrees, the cross bands become too. 
close and fine for the best eye to detect. 

In order to get a clear understanding of these appearances, 
closely superpose and hold two sheets of ruled letter paper to 
the light. By crossing the lines more or less a diamond- 
shaped lattice work will be developed, and the cause of the 
secondary lines will be obvious. 

These secondary lines give spectra according to their dis- 
tance apart, and we have here a means of producing a variable 
grating which may find application in some investigations. 
By crossing the lines at nearly a right angle a number of ad- 
ditional secondary spectra can be seen. First, and most promi- 
nent after those due to the original lines, we have the diagonals 
1-1; next 2-1, 8-1 and 4-1, &c; then 2-3. The four latter 
have been observed and there should be eight of each. The 
only second secondary spectrum observed by lamp-light was 
that of 1-1. This observation refers to the 6480 line grating. 

The bands developed by superposition were photographed. 
This was first attempted by diffused light, and the best results. 
were obtained when the light was oblique. But it was found 
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difficult to prevent the doubling and splitting up of the bands 
at one end, where the light that entered the lens became more 
oblique to the grating, and the irregular bands of the indi- 
vidual photographs began to make their appearance. To 
remedy the last named difficulty, a lens of longer focus, about 
twenty inches solar, was tried, and then by using sun-light a 
much better result was secured. It was found altogether best 
with the 6480 line grating to move camera and grating at- 
tached, so as to make an angle with the direct beam, and into 
the proper direction to have the blue and violet of the first 
spectrum cover the image. Then the bands came out with a 
distinctness not before obtained, and the aetinic effect was suf: 
ficiently uniform over the whole surface. The resulting photo- 
graph was transferred to the wood block for engraving, and 
the result is given in fig. 1. 
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The same process was repeated with the 2000 line grating, ex- 
cepting that it was found best to bring the image into the 
; space between the direct beam and 
the first spectrum. The result is 

given in fig. 8; but unfortunately 

the minute irregularities so well shown 

in the photograph could not be repro- 

duced in the wood cut. The first 

spectrum was impaired to some extent 

in these particular gratings, which 

were probably the third reproduction 

from the original. The splitting up 

of the bands could not be altogether 

prevented, and a difference in the 

actinic illumination at the two ends 

seemed unavoidable. Next micro-photographs were tried with 
the same illumination. The result with the Nobert grating did 
not possess sufficient interest to reproduce here. ‘The original 
lines were shown. The Rutherfurd grating gave the result repre- 
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sented in fig. 2. It was found, by comparing the depth of the 
serratures with the distance of two bands apart, that the pe- 
riodic error amounted to one-fourth of the distance of the lines, 
or approximately the twenty-six thousandth of an inch. 

To obtain the results given in jigs. 1 and 3, the gratings 
were so disposed as to develop the greatest amount of error. 
The regularity of the former ruling is brought out by contrast ; 
but the periodic error so plainly exhibited in figs. 1 and 2 is 
detected with great difficulty in Nobert’s grating. This is 
perhaps due to the greater perfection of the screw employed ; 
but to a large extent to the abundance of other errors which 
have no regularity of recurrence. However, three consecutive 
serratures were found, which were as sharp and apparently of 
the saine character as those from the Rutherfurd grating. 

If we place two whole copies of a grating, as would occur 
in respect to parallelism if one was bent on itself, making a 
folded edge parallel to the ruled lines, the resulting bands 
with the irregularities will be symmetrical about the central 
line of the ruling. The same position will also give symmetry 
about a line at right angles to the original lines, provided 
these lines are arcs of circles. This will be seen to be the 
case in fig. 8, and on counting the whole bands, above and 
below the point where the arcs are in effect parallel for a short 
distance, we find nine which represent a curvature of two and 
one-quarter lines The distance of the lines being known, we 
obtain the versed sine and from this the radius of curvature, 
which would be nine feet. A count under the microscope, 
with two gratings slightly overlapping, gave the curvature two 
and one-half lines. Rutherfurd’s ruling gave no evidence of 
curvature in the lines when the latter were brought parallel. A 
curvature of the bands occurs in both cases, which indicates a 
gradual increase in the distance of the lines in going from one 
side of the ruling to the other. The inference from fig. 1 
would be that this error may interfere with the definition of 
the spectrum as much as the periodic error due to the unequal 
thrust of the screw during each revolution; for, even granting 
that it appears doubled in actual amount in fig. 1, it seems to 
point to a displacement of one-quarter of a line. This curva- 
ture in the bands changes in direction when one plate is rotated 
to the other side of a parallel position of the lines. In fig. 3 
we have both phases represented, as would be expected from 
the curvature of the lines and their consequent reverse crossing 
above and below the center. If we consider the greater curv- 
ing of the bands in fig. 3 as compensated for by the width of 
the ruling, exceeding by one-third that represented in fig. 1, 
we have yet to take into account that the lines in the former 
ruling are three times as far apart, and hence it follows that 
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the error due to an increment in the distance of the lines, 
in passing from one side of the grating to the other, is three 
times as great in the Nobert ruling. In each case the bands be- 
come straight in general direction, when one of each pair of 
gratings is rotated in the plane of the ruling 180 degrees. 

Since writing the above, with the exception of a revision of 
the part relating to the photographing of the bands developed 
by superposition, I find a paper on this same subject by Lord 
Rayleigh, in Phil. Mag. for Feb., 1874. He has anticipated 
me on several points. He mentions, on superposing two photo- 
graphed gratings, “the appearance of a system of parallel 
bars, whose direction bisects the external angle between the 
directions of the original lines.” And suggests “ the iregu- 
larity of the bars, due to imperfection in the ruling when 
parallelism is very closely approached, might be made useful 
as a test.” He speaks also of irregular bands seen on individ- 
ual photographs, and says that ‘the disappearance of the first 
spectrum is very unusual; but that it is common for bands to 
appear in the fourth and higher spectra.” 

His explanation of the cause originating these bands is dif- 
ferent from mine. He says ‘when examined under the micro- 
scope, the opaque bar on the copy, which corresponds to the 
shadow of the groove (ruled line) of the original, is seen to be 
composite ; being not unfrequently traversed along its length 
by several fine lines of transparency.” And again, “in the 

rocess of copying, the groove of the original is widened into a 
oe whose width depends on closeness of contact, an element 
which necessarily varies in different parts of the plate.” In 
regard to the definition of a 3000 line grating by Nobert, he 
found that ‘‘in many cases the definition may be considerably 
improved by the use of a diaphragm so placed that only the 
central parts of the lines are operative.” This observation 
appears to show that the Nobert ruling which he examined 
ea had curved lines, and that this curvature injured detinition. 

He made copies “not perceptibly inferior to the original,” 
and with copies of the 3000 line grating, with a high magni- 
fying power, could “make out nearly, but not quite, all that is 
shown in Angstrém’s map.” 

In a later paper in the March number of the same journal, 
he speaks of the inferiority of a 6000 line Nobert ruling to 
the one of 3000 lines by the same maker. It appears to me 
that an important point, which is apparently involved, should 
be borne in mind in the manufacture of gratings; since we 
have here an indication, that with 6000 lines to the inch, the 
maximum of defining power has been passed; for the reason 
that by increasing the number of lines, a point would be 
reached where the error in each turn of the screw, or the gain 
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in twist of the same, would, in the width of the grating, equal 
the distance between two individual lines. Take, for instance, 
the 2000 line Nobert, the errors of which are pointed out in 
fig. 8. It would seem that to treble the number of lines 
would, in this case, pretty much destroy the effect of the grat- 
ing ; since the two errors remain independent of the number of 
lines. 

It is not impossible that an application may be made of this 
principle of superposition, in studying the markings of diatoms, 
In carrying out this plan, besides superposing the shells them- 
selves, it may be found useful to employ fine closely-ruled 
lines of known value; as in Nobert’s microscopic test plate. 
Of course, it is to be expected that the higher powers would be 
dispensed with ; a much lower power being used than would 
be required to separate the lines themselves. 

New Haven, Conn., March, 1874. 


Art. VI.—On the Spectrum of the Zodiacal Light; by ARTHUR 
W. WRIGHT. 


THE observations, of which an account is here given, were 
made at various times during the year past, with a view to 
determine the nature of the zodiacal light, so far as it could be 
effected by a study of its spectrum, and as supplementary to 
the investigations upon its polarization published in this 
Journal in May last. Certain of the statements there made 
were based upon evidence derived from these observations, 
which it is the purpose of this article to set forth more fully. 

As the object studied is one of the faintest among those 
upon which the spectroscope may be employed, some modifica- 
tions were found necessary, both in the instrument and in the 
mode of observation. A Duboscq spectroscope with a single 
— was employed, the telescope and collimator of which 
1ave a clear aperture of 2°4 centimeters. The magnifying 
power of the former is nine diameters. The instrument is thus 
well fitted to ensure the first requisite for the purpose in view, 
namely that of admitting a large beam of light, without too 
great dispersion. The positions of the spectral lines are ordi- 
narily measured by means of an illuminated scale, which is of 
such a size that about 165 divisions are covered by the solar spec- 
trum ordinarily visible. The image of the slit, when the latter 
is one millimeter wide, covers 8°2 divisions; when it covers a sin- 
gle scale division, the breadth of the slit is 0°122 millimeter. As 
it was found that an illumination sufficient to render the scale 
visible would greatly weaken, if not obliterate, the faint spec- 
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trum to be measured, it was necessary to employ some method 
of fixing scale-positions without recourse to the use of a light, 
and, in fact, it was found indispensable to exclude all artificial 
lights from the neighborhood of the instrument during the 
observations, and for some time previous, on account of their 
effect in blunting the sensibility of the retina. 

The means employed in securing these desiderata constitute 
the principal modification introduced, and were as_ follows. 
The short joint connecting the eye-piece with the sliding tube 
of the telescope was removed, and another substituted for i it, 
which was pierced on each side with a narrow opening. In 
this, and perpendicular to the axis of the tube, was firmly 
fixed a small rectangular frame, in which are two alides, or dia- 
phragms, moved by fine screws passing through the ‘ends of 
the frame. The latter is of sufficient length to allow each slide 
to traverse the entire field. The inner ends of the slides termi- 
nate in sharp, straight edges perpendicular to their line of 
motion. When in place, they are so adjusted as to be accu- 
rately in the focus of the eye-piece. They are thus seen pro- 
jected upon the scale, and sharply defined, when the latter is 
illuminated. By turning the tube the terminal edges are made 
accurately parallel with the lines of the spectrum. As these 
are somewhat curved in the passage of the rays through the 
prism, the scale was placed in the middle of the field, and the 
measurements made from the middle point of the slides, or, in 
some instances, the ends of the slit were covered with bits of 
paper, reducing the spectrum to such a breadth that the curva- 
ture was small enough to be neglected. 

Before making an observation, the instrument was carefully 
adjusted, and the scale so placed that the division-mark 50 
coincided with the more refrangible edge of the sodium line, 
inasmuch as only one of the sides of the slit is movable, and 
on opening it the image widens toward the red end only. For 
the same reason, in fixing the limits of the spectrum, the 
breadth of the slit must be added to the scale-number on the 
less refrangible side, in order to reduce the dimensions of the 
spectrum to what they would be with a linear slit, The situa- 
tion of any point in the spectrum, however faint, could be 
determined with a good degree of accuracy by moving the 
diaphragms up to it, ‘and then, on illuminating the scale, read- 
ing its position by the scale-numbers. In the case of well- 
defined lines, like that of the auroral spectrum, the error is 
not greater than half a division of the scale, and, with care- 
fully repeated determinations, may be made considerably less 
than this, 

In making the observations upon the zodiacal light, the same 
method was pursued as in the investigation upon its polariza- 
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tion, previously mentioned. The room was not lighted, ex- 
cept by the diffuse illumination from the sky, and care was 
taken to keep the eye secluded from all bright lights for a con- 
siderable time before each observation. ‘I'he central portion of 
the spectroscope was wrapped round with black cloth to pre- 
vent the entrance of any stray light. During the progress of 
the work attention was specially directed to three points, which 
it seemed important to determine. These were, first, to find 
the limits of the continuous spectrum which is always seen, 
and to obtain data for comparison with ordinary sunlight and 
with twilight; second, to ascertain whether or not the bright 
line, which is sometimes visible, is constantly present and be- 
longs to the zodiacal spectrum; third, to discover whether 
there is any connection between the zodiacal light and the 
polar aurora. A record was kept of the circumstances of the 
different observations, and of the state of the sky at the time 
they were made. 

With regard to the first of these questions, repeated exam- 
ination showed, as has been found by other observers, that the 

roper spectrum of the light is a continuous one. A bright 
fine is, indeed, sometimes seen, but, for reasons given below, 
it cannot be regarded as belonging to the zodiacal light. In 
its general appearance the spectrum is not different from that 
of faint daylight or of twilight. It extends from somewhat 
below D to near G. In order to fix its dimensions more defi- 
nitely, an extended series of observations was made, and the 
limits in both directions were determined with great care. 
The slides were usually moved so as to cut off the visible part 
of the spectrum by degrees, until it could no longer be seen, 
by any effort of vision, and the positions of the limits of visi- 
bility were afterward read off on the scale. These varied 
somewhat with the state of the atmosphere, but the determina- 
tions made on the best nights agreed very well with each other. 
For the purpose of comparison, those were selected which were 
found on a few of the clearest nights. The width of the slit, 
in all these cases, was ten divisions of the scale, or 1°22™™: 
Adding ten to the readings at the lower or red end, as a correc- 
tion for the breadth of the slit, the numbers are as follows: 

Lower limit, 54,  52°5, 57°7, 57°5, 50; mean, 54°35. 
Upper limit, 123°5, 119°5, 120, 124, 120; mean, 121°4. 

Since the intensity near the limits declines by almost iasen- 
sible gradations, and the circumstances of the observations at 
different times, as atmospheric conditions, sensibility of the 
eye, and the like, are subject to slight variations, too great 
weight must not be attached to the mean values. They do not 
indicate the absolute bounds of the spectrum, but simply the 
points beyond which, in general, the light is too feeble to pro- 


42 A. W. Wright—Spectrum of the Zodiacal Light. 


duce a definite and constant visual impression. They may serve 
for comparison with those of other spectra measured in the same 
way. It could plainly be seen, on slowly moving the slides 
toward the end of the spectrum, and just before it ceased to be 
visible, that the light extended a considerable distance beyond 
them, as much perhaps as ten or fifteen divisions of the scale. 
The position of maximum brightness was merely estimated, 
and was not perceptibly different from that of the twilight spec- 
trum. The extent and general form of the spectrum are shown 
in the accompanying plate (Plate 111), where it is marked I. 
The appearance of the spectrum, as seen when the slit had a 
breadth of only two scale-divisions, is represented in No. V, 
but the limits there indicated are less certain than those ob- 
tained in the other cases. 

A number of measurements were made, in the same manner, 
of the spectrum obtained with light from the sky. It was 
admitted through a circular opening, 1°75™" in diameter, in 
the shutter of a darkened room, and fell upon a piece of white 
card-board some eight feet distant, a few inches from which 
was placed the slit of the spectroscope. After a somewhat 
prolonged stay in the darkness, the spectrum was seen with 
sufficient distinctness to allow of good determinations. Its 
brightness was very nearly the same as that of the zodiacal 
light, apparently a little greater. The breadth of the slit 
was as before ten divisions. The mean of five experiments 
gave, for the upper limit, the scale-number 18275; for the 
lower, as observed, 45°6, or, corrected for the breadth of 
the slit, 55°6. The lower limit corresponds very nearly with 
that of the zodiacal spectrum, but the upper one is slightly 
higher. The difference is undoubtedly due to the fact 
that the light reflected from the sky contains a relatively 
larger proportion of the blue rays, which would somewhat in- 
crease the comparative intensity at that end of the spectrum. 
It is what we should expect from the fact that the zodiacal 
light traverses the atmosphere, while the other is reflected from 
it. The discrepancy is very slight, however, and would hardly 
be detected in the ordinary method of observing the spectra. 
The maximal point was not easy to fix, on account of the very 
gradual variation of intensity, but was between 70 and 
80, apparently somewhat nearer the former. It is placed at 
74 on the plate, spectrum IV. 

Observations on light from the moon, and upon twilight, 
showed that their spectra correspond even more closely with 
that of the zodiacal light. In the case of the former, the lunar 
rays were received upon a white unglazed card placed a few 
inches in front of the slit. The latter being narrowed to two 
scale-divisions, the limits were found to be 47 and 186°6, the 
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point of greatest intensity lying between 70 and 80, and evi- 
dently nearer the former. Similar results were obtained with 
twilight, the lower and upper limits, obtained with a slit cover- 
ing two divisions, being 50 and 184°6, respectively. The lower 
limits in each case were corrected by adding the breadth of the 
slit. 

The accompanying plate exhibits the general character of the 
zodiacal spectrum, and its relation to those with which com- 
parison was made. The corresponding portion of the solar 
spectrum, with a few of the principal Fraunhofer lines, is rep- 
resented at the bottom, as a standard of reference, and to show 
the position and value of the divisions of the scale used in the 
instrument, the numbers of which are placed above the lines. 
The band between 50 and 60, marked 6, is atmospheric, and its 


place is determined from Prof. Angstrém’s chart, and from Dr. 
Janssen’s diagram of the telluric lines. It is the band seen on 
several occasions when a very narrow slit was used, as mentioned 
below. The line marked a is the principal line of the auroral 
spectrum, sometimes referred to the zodiacal spectrum, as stated 
in a previous paragraph. The wave-lengths, corresponding to 
points in the spectroscopic scale, for intervals of five divisions, 
are given in the following table. 

Scale Wave-length. Scale Wave-length. Scale Wave-length. 

No. No. No. 


40 6255 5216 110 4606 
45 6064 6111 115 4538 
50 5889 5012 120 4472 
55 5726 4919 125 4409 
60 5583 4831 130 4352 
65 5451 4751 135 4298 
710 5329 4677 140 4246 


The curves represent the relative extent and intensity of the 
observed spectra, in their different parts, by the length of the 
corresponding ordinates, in the usual way, the shaded portion 
being that which was actually measured, and the unshaded pro- 
longations roughly indicating the apparent extent, as estimated 
before the light had fully disappeared. No. IL represents the 
spectrum of the zodiacal light; No. II. that of twilight; No. 
IIT. that of moonlight; No. IV. that of light from the sky; 
No. V. that of the zodiacal light with narrow slit. No. VI. is 
copied from Prof. Piazzi-Smyth’s chart,* and represents the 
extent of the zodiacal spectrum, as found in his observations, 
with « broad slit, and with a reference spectrum in the field. 

In attempting to fix the brightest points of the spectra it 
was observed, that when diffused sunlight is directly observed 
with the spectroscope, and simply weakened by narrowing the 
slit, the maximum is near 50 of the scale. The apparent ex- 
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tent of the spectrum is not much lessened, and the different 
colors are still perfectly distinct. In the case previously men- 
tioned, where light from the sky was received into a darkened 
room, and rendered extremely feeble, the result was different. 
The distinction of colors was nearly or quite impossible, and 
the extent of the spectrum much diminished. The red rays 
had become almost too faint to affect the eye sensibly, and the 
apparent point of greatest intensity had perceptibly moved up- 
ward, an effect, which is, of course, chiefly subjective. Its 
nosition was found in various ways, as by moving the slides 
over the faint spectrum till their edges were most distinctly 
seen, or by observing the highest point of the curve which 1s 
formed by the boundary of the spectrum, when produced with 
a wedge-shaped slit, or when a thin hollow wedge of glass filled 
with ink was placed before the slit. Repeated determinations 
of its place showed that it was between 70 and 80, but nearer 
the former, and in the plate it is placed at 74. This is perhaps 
a little too high, but it is the best approximation the difficulty 
of the determination allowed. Quite the same result was found 
with moonlight and twilight, and the maximum was sensibly 
at the same point as with light from the sky. In some even- 
ings during the early portion of the investigation, observations 
were begun before the close of twilight, and continued upon 
the zodiacal light until it was certain that the former had en- 
tirely ceased. If any considerable difference in the maxima of 
the two sources of light exists, it could not have been over- 
looked, but none was ever perceptible. 

With respect to the second point of the inquiry, evidence 
was obtained which leaves little doubt that the bright line 
which has been occasionally seen, does not belong to the spec- 
trum of the zodiacal light. If the negative evidence of scores 
of observations in which it could not be detected is insufficient. 
there are facts which satisfactorily explain its presence on the 
few occasions when it has appeared. Both Prof. Smyth * and 
M. Liais,t who have made careful observations, deny that it 
belongs to the zodiacal spectrum, and the former gives a con- 
clusive explanation of its supposed existence there. It is 
sufficient to recall the fact that the light which gives the 
auroral line is essentially monochromatic, and would be visible 
in the spectroscope even when with the naked eye it could not 
be detected in the general illumination of the sky, as it would 
not be weakened by dispersion like the latter, and would hence 
be relatively intensified. In the course of the many observa- 
tions made by the writer, the line was visible on three even- 
ings, but on each of these occasions there was an aurora, which 
on one of the evenings had a considerable intensity. The 
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whole sky was more or less luminous, either by direct auro- 
ral action, or by reflection of the light thus produced. The 
bright line could be plainly seen wherever the instrument 
was pointed, and its position was found to be exactly the same, 
whether the light was derived from the zodiacal region, or 
directly from the aurora. On the other hand, the bright ‘line 
was never seen when there was no aurora. 

It remains to consider the question whether there is a con- 
nection of any kind between the zodiacal light and the polar 
aurora. The considerations mentioned above do not absolutely 
exclude the possibility that, simultaneously with the aurora, 
and with a certain dependence upon it, some luminifie pro- 
cess may be going on in space, which would cause the bnght 
line to appear in the zodiacal spectrum, however improbable 
such a supposition may be. But if there were no better 
reason, the general invariability of the zodiacal light from 
night to night, and the constancy of its presence through- 
out all the months of the year, sufficiently indicate for it 
a different cause. Moreover, on at least two of the evenings 
when only a continuous spectrum was seen, there was an 
aurora, moderately bright, though not extending to any gr eat 
distance from the horizon. If the two were in any way related, 
we should expect some variation in the zodiacal light coinci- 
dent with the appearance of remarkable auroral displays, but 
it does not appear that any such thing has ever been observed. 
There seems to be no evidence that they are not entirely inde- 
pendent phenomena. 

One or two additional observations may be mentioned here 
as of interest. On several occasions when the slit of the spec- 
troscope had a breadth of only two or three divisions, the 
spectrum at the first glance appeared to end suddenly at about 
54 of the scale. Further examination showed light beyond, 
and that the apparent abruptness of its termination was caused 
by a dark band of about the width of the slit, which was found 
to oceupy, as nearly as could be estimated, the exact position 
of the band marked ¢ in the plate. It is doubtless identical 
with it, and caused by atmospheric absorption. 

The spectrum on the most favorable nights was still visible 
when the slit was narrowed to one division of the scale, and on 
one occasion the opening was reduced to 0°6 of a division. that 
is, to an actual breadth of 0:073™": before the light became 
imperceptible. As the principal Fraunhofer lines are distinctly 
seen with sunlight when the slit is even wider than one division, 
it appears very ‘probable that these lines may yet be detected in 
the zodiacal spectrum. Especially is this to be hoped for, if 
observations should be made, in the manner described, in 
lower latitudes, where the intensity of the light is known to be 
much greater. 
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The statements made in the previous article, in reference to 
the zodiacal spectrum, are satisfactorily established by the re- 
sults of these observations, from which we may draw the 
following conclusions. 

1. The spectrum of the zodiacal light is continuous and is 
sensibly the same as that of faint sunlight or twilight. 

2. No bright line or band can be recognized as belonging to 
this spectrum. 

3. There is no evidence of any connection between the zodi- 
acal light and the polar aurora. 

The deduction, drawn from the fact of its polarization, that 
the zodiacal light is derived from the sun, and is reflected from 
solid matter, is thus strengthened and confirmed by the identity 
of its spectrum with that of solar light. A discussion of the 
distribution of the reflecting matter in space is reserved for 
another article. 

Yale College, June 5, 1874. 


Art. VII.—On the Age of the Copper-bearing Rocks of Lake Su- 
perior ; and on the Westward Continuation of the Lake Superior 
Synclinal; by ROLAND IRVING. 


DurinG the summer and fall of 1878, I was in charge of a 
geological exploration of northern Wisconsin, including the 
three counties which border on Lake Superior, on behalf of the 
State Geological Survey. This is a region but little known, it 
being for the most part unbroken forest, and without inhabi- 
tants except in three or four small towns immediately on the 
lake shore, the whole coast line, exclusive of islands, having 
a length not far from one hundred and twenty miles. It has 
been very little examined geologically. Portions were visited 
and described by members of the various corps under Dr. D. D. 
Owen, 1848-50; the easternmost of the three counties, that of 
Ashland, having received the most attention. Its general geo- 
logical and topographical features are very briefly described by 
Colonel Chas. Whittlesey, in the final report of Dr. Owen. In 
1860, Colonel Whittlesey again visited Ashland County on 
behalf of the Geological Survey of Wisconsin, then organized 
under Mr. James Hall. The results of his investigations were 
never published by the State, although some, of them have ap- 
peared in pamphlet form and in transactions of scientific socie- 
ties. Since that time no further examinations of the region 


have been made. 
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I. Age of the Copper-bearing Series. 


Recent observations by Messrs. Brooks and Pumpelly * in 
the Upper Peninsula of Michigan, and by members of the Can- 
ada Geological Survey on the Canada side of Lake Superior, go 
far toward proving a dissimilarity inage between the ‘“ Copper- 
bearing Series” of those regions and the accompanying sand- 
stones known to be Lower Silurian, two groups always before 
supposed to be identical in age. My own investigations in north- 
ern Wisconsin, and those of my assistant, Mr. E. T. Sweet, have 
developed facts which are very interesting in this connection, 
and it would seem not unlikely that in this region is to be 
found the key to the whole problem. 

Since these facts are not to be published officially for some 
time to come, and since there are still investigations going on 
in the adjoining States and in Canada, it has been thought 
proper to make public the most important of them. It is not 
proposed to attempt, in this paper, any general discussion of the 
interesting question of the age of the copper-bearing rocks, but 
merely to give the facts that have been obtained, and to draw 
the conclusions toward which they seem to point. 

Four grand groups of rock are found in northern Wisconsin: 
Laurentian granites, gneiss and schists; Huronzan slates, schists, 
diorites, etc.; the traps, sandstones, conglomerates, melaphyres 
and slates of the Copper-bearing Series; and Lower Silurian 
sandstones. Besides these there are immensely thick deposits 
of Quaternary clays, and of Bowlder Drift. 

1. The Laurentian Rocks (underlying the area marked I on the 
map), are always farthest removed frem the lake, never being 
nearer to it than eighteen miles, in Wisconsin, and general] 
being much more distant than this. So far as yet emmel, 
these Laurentian rocks are granitic, gneissoid and syenitic in 
character, although without doubt schistose beds occur, since 
these are found just east of the eastern line of the district 
within the area of the Upper Peninsula of Michigan.t In 
northern Wisconsin the rocks of this group are everywhere 
overlaid by enormous accumulations of Drift material, showing 
thrcugh this covering in but very few places. Amongst these 
Drift heaps, and in the swamps which everywhere cover the 
surface of the country between them, the streams flowing north- 
ward into Lake Superior, and those flowing southward into the 
Mississippi, interlock in an intricate manner, the former—in a 
distance often not more than thirty miles from their sources to 
the lake— falling as much as 600 or 700 feet. From this it can be 
seen that their currents must be broken by numerous chutes and 
falls, which is the case; many of the single falls reaching a 
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height of 60 or 70 feet, whilst in one case, that of Black River, 
in Douglass County, the height of a single fall is 160 feet. 

2. The Huronian Kocks (II on the map and section), which 
directly overlie the Laurentian—and unconformably, as shown 
by Brooks and Pumpelly, from observations made by them, in 
Michigan, just east of the Wisconsin line—constitute in Ashland 
County a continuous narrow belt, whose central portion is the 
well known “ Penokie Iron Range,” and whose width never 
exceeds two miles, being usually much less than this. This 
belt extends without break into Michigan almost as far as Lake 
Gogebic, where the rocks are lost sight of, being covered by 
accumulations of drift, and finally “by horizontal Silurian 
rocks. They do not re-appear until, one hundred miles farther 
east, the Marquette iron region is reached. Here they are 
found again with some important changes, and covering a much 
wider extent of territory. Toward its western extremity the 
Huronian belt appears to come to an abrupt ending, the under- 
lying Laurentian and overlying Copper-bearing Series coming 
together. Farther west, however, just on the west side of Ash- 
land County, are two isolated belts of these rocks, in every 
way similar to the main area, each having in the same manner 
its central ridge. As to the continuation still farther west- 
ward of the Huronian, nothing whatever is known, as is in- 
dicated on the map by an interrogation point. The rocks of 
this group in northern Wisconsin are siliceous schists, talco- 
siliceous schists, black slates of undetermined composition, 
white quartz rocks, quartzites, magnetic and specular schists of 
various kinds, magnetic and specular iron ores, diorites, diorite 
slates and diorite schists. The beds of one portion of the 
group, about five hundred feet in actual thickness and continu- 
ous for over thirty miles, are impregnated throughout with the 
specular and magnetic oxides of iron in proportions varying 
from one or two per cent up to sixty and eighty per cent of the 
whole. The entire series has a nearly uniform dip west of 
north, generally at a very high angle. The thickness never 
varies far from 4,000 feet, a figure obtained by actual measure- 
ment. 

3. The Copper-bearing Rocks (marked 111 a, b, c, d, e, f, on the 
accompanying map and sections)—In Ashla nd County, next 
north of and immediately overlying the Huronian, come the 
enormously thick beds of the Copper- -bearing Series, which 
have—ineluding all subdivisions—an apparent “thickness of as 
much as four miles, and even more than this on the extreme 
east. These rocks form a broad belt in Ashland County, which 
is widest at its eastern end, narrowing toward the west, and at 
the same time receding from the lake shore. The most westerly 
known portion of the belt is at Long Lake, in the southern end 
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of Bayfield County. Eastward of the Montreal River, in 
Michigan, the belt separates into two: the main area, which 
continues without interruption to the end of Keweenaw Point; 
and the “South Mineral Range,” which lies to the southward 
of the main belt, and follows the Huronian rocks eastward. 
The latter belt runs out in its eastern extension. Between 
it and the main area lie horizontal Silurian sandstones. 

The southernmost (III a) portion of the group in Ashland 
County covers the broadest area. It includes rocks always 
highly crystalline, generally very coarsely so, and of such varia- 
tion in mineral constituents, texture, etc., that I have not yet 
attempted to name all the varieties, nor even a considerable por- 
tion of them. Nearly all of them can, however, be included in 
two or three general kinds; labradorite, orthoclase, feldspar, - 
hornblende, and some varieties of pyroxene, seeming to be the 
chief ingredients. The indications of bedding in this portion 
of the series are seldom to be seen, but where they are appar- 
ent, are marked, and point toward entire conformability with 
the underlying Huronian. 

Next north of, and immediately overlying, the rocks just 
described are the beds of that portion of the group which I 
have designated 111}, c, d,on the map. These are a series of 
alternating beds of trap, mostly melaphyres, but of very varying 
characters, being both amygdaloidal and compact, black, dark 
green, brownish red, brick-red and light pink in color, and 
always crypto-crystalline; and in the upper portions, beds of a 
very remarkable conglomerate (III c), together with a ; eat thick- 
ness of sandstone and shale (111 d). These sandstone and con- 
glomerate beds do not altogether overlie the trappean beds, but 
are, near the junction, directly and unmistakably interstratified 
with them. There is a sort of gradation from the trap to the 
sandstones, the layers of the latter nearest the trap being made 
up of coarse trap-sand, whilst on receding from it they become 
more and more like the horizontal aluminous red sandstones 
of the Apostle Islands. The entire series, traps, conglomerates, 
sandstone and shales, have a very high dip to the northward, 
which is never less than 85°, and often reaches the perpendicular. 

The sandstone, conglomerate, and shale beds have not as yet 
been seen west of Bad River, in Ashland County, but the 
traps can be traced uninterruptedly westward as far as 
Long Lake in Bayfield County. The traps of this group 
are also largely developed in Douglas County, and there are 
sandstone beds believed to belong to the Copper-bearing Series 
in another part of Ashland County, as will be mentioned far- 
ther on. 

4, Lower Silurian Sandstones (1v on the map and section),— 
North of the north line of that portion of the Copper-bearing 
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Group just described—which line is also the northerly edge of 
the mountainous portion of Ashland County—is a country 
having the general character of a plain, though much worn into 
gullies near the main water-courses. This plain extends to the 
shores of Lake Superior, being widest on the west, and narrow- 
ing to a point on the east at the mouth of the Montreal River, 
where the elevated country reaches the water’s edge. This 
plain is everywhere underlaid by a very thick mass—200 feet 
or more—of a peculiar red marly clay, which carries a few 
rounded boulders and pebbles of erratic rocks, and which 
appears to be overlaid by the regular boulder drift wherever 
the two come into contact. The rivers and their branches cut 
deep valleys into these clays, often showing banks as much as 
100 feet high; but only in four places have any rocks in place 
been seen within this area in Ashland County. At A, ona 
small stream ealled Silver Creek, there is an exposure of hori- 
zontal red sandstone and shale, having the usual appearance of 
the sandstone and shale of the Apostle Islands. This locality 
of horizontal sandstone is only three-quarters of a mile north 
of the trap exposures on the same stream. The dipping sand- 
stones and shales do not show in this vicinity ; but four miles east 
they are apparent in great force, having a dip of ninety degrees, 
and a thickness of hundreds of feet in sight. No other exposure 
oi horizontal sandstone has yet been seen on the mainland of 
Ashland County, either on its coast or inland. On the coast 
of Bayfield County, however, along its entire length, expo- 
sures are numerous, as also on the Apostle Islands, of which 
the horizontal sandstones are always the substructure, and 
where the exposures are often bold and precipitous. These 
sandstones are everywhere the same, alternating heavy-bedded 
and thin bedded, of a prevailing red or reddish brown color, 
with here and there lighter-colored portions in patches; but 
always much lighter in color than the tilted sandstones associated 
with the traps. 

That these horizontal sandstones are the same as those of the 
Pictured Rocks, the eastern side of Keweenaw Point, and the 
Silurian basin which extends inland from Keweenaw Bay 
nearly as far west as the Montreal River, is not absolutely 
proven; the two areas of horizontal sandstones of east and 
west Lake Superior being nowhere connected, but always sep- 
arated by rovks of the Copper-bearing Group.* That they are, 
however, the same, is extremely probably for the following 
reasons: (1) Because showing precisely the same relations 
to the Copper-bearing Series. (2) Because, on tracing them 
westward and southward to the St. Croix River in western Wis- 


* The distance between the western end of the eastern area, near the Montreal 
River, and the easternmost outcrop of the western, is about thirty-six miles. 
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consin, they appear to dip underneath* the lighter-colored Lower 
Silurian sandstones of the Mississippi Valley, of which they 
are probably merely the dowuward continuation ; thus showing 
the same relation to newer rocks as do the sandstones of east- 
ern Lake Superior. (3) Similar lithological characters, an ad- 
missible test, I suppose, for regions so close to one another, and 
for entirely undisturbed rocks. 

At the two points, marked 111 e, in Ashland County, are ex- 
posures of dark-red sandstone, and sandy shale dipping southward, 
as shown on the section. At one of these points, the 
. easternmost, there is exposed a thickness of at least 2,000 feet 
of sandsone, dipping southward, at an angle of 38°. This 
great thickness is actual and not due to fauiting. The impres- 
sion that these sandstones, exposed at points more than ten miles 
apart, are portions of the northerly edge of a synclinal, of which 
the vertical sandstones to the south form the southerly, is almost 
irresistible. This opinion is strengthened by (1) the difficulty of 
accounting for so great a thickness with so uniform a disturbance, 
at points more than ten miles apart, by attributing this distur- 
bance to a mere dislocation of the Silurian sandstones, which oc- 
eur horizontal only a few miles off ; (2)the occurrence of horizontal 
sandstones within the jaws of the supposed synclinal; (8) the 
very great thickness of these beds, which allies them closely to 
the vertical beds on the southward, whose total thickness can- 
not be less than 10,000 feet; (4) the occurrence of trap at the 
point marked 111 e, a little to the north of the line of the southward 
dipping sandstones ; and (5) the probability, alluded to farther 
on, that there is somewhere in this region of Wisconsin a 
synclinai, representing the westward continuation of that exist- 
ing between Keweenaw Point and Isle Royale. 

Following the shore of Lake Superior westward from the 
Apostle Islands, the horizontal sandstones can be traced with-. 
out break until Douglas County is reached, when they disap-. 
pear from the coast—which is here altogether of red clay marls— 
but appear constantly in the beds of the many streams flowing 
northward into the lake. On ascending these streams to the 
southward, the red sandstones can be traced to their junction 
with the trappean beds of the Copper-bearing Series, which 
here dip, wherever the dip is observable, at a comparatively low 
angle to the south. 'The sandstone beds continue horizontal, or 
with a very slight dip northward, to within a short distance of 
the trap, when, in most instances, they show a remarkable 
change. In one case, however, they continue to within 
twenty feet of the trap without change, the exact june- 
tion being concealed by an eroded gulley. At Black River, 
for three hundred feet from the trap, the sandstone is broken up 

* D. D. Owen, Report on the Geology of Iowa, Wisconsin, and Minnesota. 
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in every conceivable manner, the misplaced layers dipping in 
all directions, and in its immediate vicinity making a sort of 
brecciated mass of fragments of trap aud sandstone. This ap- 

pearance is presented along the perpendicular side of a gorge, 

whose depth is more than a hundred feet, and is said by my 

assistant Mr. Sweet, who made all the observations in Douglas 

County, to be caused, beyond question, by no mere surface dis- 

placement, but by the general disturbed condition of the sand- 

stone. On passing down the gorge to the westward, the sand- 

stone layers become gradually less irregular, taking a prevailing 
northerly dip, until, 306 feet from the trap, they grade imper- 

ceptibly into the ordinary horizontal beds. Passing up the 
gorge to where the river falls over the trap, with a fall in all 
over 160 feet in height, the beds of melaphyre are found dipping 
southward at alow angle. On all of the other streams examined, 

the horizontal undisturbed layers of sandstone were found com- 
ing much closer to the trap, but in all except the one already 
cited, showing the same peculiar disturbance, although on a 
smaller scale. 

The trappean beds of the Copper-bearing Group in Douglas 
County have been examined over the area marked 111 fon the 
map, where they compose a well marked ridge known locally 
as the ‘“‘Copper Range.” This ridge, with its constituent traps, 
can be traced some distance into Bayfield County on the east, 
but exactly how far is not yet known. These trappean beds 
carry here no intercalated beds of sandstone and conglomerate, and 
have in appearance, texture, &c., more similarity to the rocks 
of 111a in Ashland County than to the more northerly beds of 
1116. They appear, on the whole, to be rather more similar to 
the traps of Isle Royale than to those of Keweenaw Point, and 
other places on the southerly shore of the lake. South of the 
“Copper Range,” the county has not been explored geologically 
except on the line of the Brulé River. It is described as 
swampy and comparatively level, without many rock-exposures. 
The line of the Brulé River was explored hy members of Dr. 
D. D. Owen's corps, and trappean beds found much farther up 
the stream (at a point marked II x on the map). Still 
farther south the horizontal red sandstones are again found (at 
points marked Iv), and can be traced southward until they dis- 
appear beneath the lighter-colored layers of the Mississippi 
Valley. 

Having stated, as briefly as possible, the main facts thus 
far known of the geology of northern Wisconsin, it becomes 
necessary, in order to show their bearing on the question of the 
age of the Copper-bearing Series, to draw attention to the fol- 
lowing points. The great belt of rocks of this series, which 
extends southwestward from Keweenaw Point to Long Lake in 
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Wisconsin, forming the lake shore as far as Montreal River 
and then receding therefrom, includes alternating beds of 
melaphyres, basults, porphyries, sandstones and conglome! rates, 
which have always a northerly dip, increasing gradually in 
amount toward the west, from a low angle on Keweenaw Point 
to a vertical position on Montreal and Bad Rivers. In Ashland 
County the most northerly portions are exclusively sandstones, 
the most southerly exclusively traps, the whole group having a 
thickness measured by miles, the vertical sandstones alone in 
the uppermost portion having a thickness but little short of 
10,000 feet. Inasmuch as the traps, sandstones and conglomer- 
ates are directly and conformably interstratified, and tilted 
together at various angles, it follows that the first named, whether 
ejected i in a moiten condition or not, must have been originally 
in a horizontal position; that the uppermost sandstones must 
have been formed after the last outflow of trap; and hence, that 
the present tilted position of the sandstones was not caused by 
trappean ejections, but that the traps themselves were tilted by 
the same force that tilted the sandstones and at the same time. 
In other words, this whole group has undergone an ordinary re- 
gional disturbance, and the finding of horizontal beds in close proa- 
imity is just as much proof that these latter are altogether newer than 
the tilted beds, as it would be in any other case of unconformalility. 

The conclusions, then, that I would draw are these: 

1st. The beds of the Copper-bearing Series, and those of the 
Huronian Series, were once spread out horizontally over one 
another, including the whole series of tilted sandstones of the 
Montreal River; that they were disturbed by the same force, 
and received their present tilted positions at the same time, as 
evinced by the conformability of the two series throughout. 

2d. That the horizontal sandstones of the Apostle Islands 
and the western end of Lake Superior were laid down subse- 
quently to this tilting, and also to an immense amount of erosion, 
and that the sandstones of eastern Lake Superior were formed 
at the same time.* 

As evinced by (L) the occurrence of horizontal sandstones in 
immediate proximity of tilted sandstone and traps, in Ashland 
County ; (2) the occurrence of the same on the Apostle Islands, 
within but a few miles of the tilted beds of the Montreal; (3) 
the direct actual contact of the horizontal sandstones in Douglas 
County with the melaphyres of the Copper-bearing Series, here 
dipping southward, and (5) various other proofs cited by 
Brooks and Pumpelly in the article previously alluded to. 

3d. That hence the Copper-bearing Series should rather be 
classed with the Archean than with the Silurian. 


*As already shown by Brooks and Pumpelly. 
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The only difficulty in the way of these conclusions lies in the re- 
markable phenomena presented at those points in Douglas 
County where the horizontal sandstones are found joining 
the traps. The first explanation that offers itself is naturally 
that these remarkable disturbances were caused by the protru- 
sion of the trappean beds through the ay formed sand- 
stones. In answer to this it may be said, (1) that it is exceed- 
ingly doubtful whether the protrusion of molten matter through 
horizontal layersof sandstone would produce any such effect,— 
at least I cannot conceive how it vould : (2) that this reinarkable 
disturbance is unaccompanied by any hardening of the rock, ap- 
pearance of baking, or other evidence of great heat; (8) that if 
these trappean beds are of the same Copper: -bearing Series as 
those in Ashland County, then the proof of unconformability 
there found is conclusive of the greater age of the traps as com- 
pared with the horizontal sandstones ; and (4) that hence we must 
find some other explanation of these phenomena. The only 
one that appears at all acceptable to me is that the traps, being 
deep-seated and non-continuous with the comparatively 
superficial sandstones, would, if impelled to move by any 
force, tend to move, to some extent, independently of the sand- 
stones, and would, by an exceedingly s slight motion northward 
against the latter, produce e precisely the effect observed. 


II. Westward continuation of the Lake Superior Synelinal. 


Foster and Whitney long since pointed out the fact that the 
Keweenaw Point beds and those of Isle Royale formed the 
opposite side of a synclinal in which the lake lies, not im- 
probably without other filling than its waters. On a diagram 
showing the ‘Systems of dykes,” accompanying Agassia’s 
“Take Superior,” issued in 1850, I find a dotted line with a 
query made along the center of the peninsula of La Pointe, or 
Bayfield, indicating that possibly it has a trappean core and 
owes its projection into the lake to that core. I think there 
is reason to believe that this is true, and that the core of that 
peninsula, with the Douglas County traps, forms the westward 
continuation of the Isle Royale or northerly side of the syn- 
clinal just alluded to; that hence this synclinal trough, in its 
westward extension, does not hold the lake, but passes entirely 
on to its southerly shore, and that it is not improbable that the 
line of southward-dipping sandstones, in Ashland County, 
marks the southerly edge of the northern side of this synclinal. 

However, inasmuch as there is no direct proof that the 
trough between Keweenaw Point and Isle Royale is a simple 
synclinal without subordinate folds, these southward-dipping 
sandstones may represent one of these subordinate bends 
rather than the northerly edge of the trough, and this seems 
the most likely supposition. 
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The arguments in favor of these views are as follows: 

1st. The belt of rocks forming the southerly side of this 
synclinal is known to continue far westward into Wisconsin. 
It is therefore to be suspected that the northerly side has a 
similar extent. 

2nd. If this northerly side does continue westward, it must 
be entirely under the waters of the lake, or on the southern 
shore, since on the northern shore the rocks are altogether 
different. 

8d. This westerly.continuation of the northerly side would 
preserve some sort ‘of parallelism to the southerly side. 

4th. The peninsula of Bayfield, Isle Royale, and Keweenaw 
Point have the same general trend. 

5th. The copper-bearing melaphyres, &c., of Douglas and 
Baytield Counties dip, wherever the dip is observable, to the 
southward. 

6th. The northerly dip of the beds of the Keweenaw Point belt 
gradually increases in degree as the rocks are traced westward 
from Keweenaw Point, where it is low, until the Wisconsin line is 
reached, where it is vertical. This being the case, it would be 
expected that the two sides of the synclinal would approach 
one another in their western extension, which is in accordance 
with the facts, whether the southward-dipping sandstones be 
regarded as marking the northerly edge or not. 

7th. If the supposition be true, then, on the northerly side 
where all the observed dips are from 25° to 38°, the area of 
country immediately underlaid by the outcropping edges 
would be much broader than on the southerly side where the 
dip is vertical. That this is the case is very evident from 
facts already stated. If the synclinal be regarded as simple, 
and the southward dipping sandstones of Ashland County 
be taken as the southerly edge of its northern side, then an 
average dip of as little as 25° to 30° would be required to 
spread the whole thickness from the line of the southward- 
dipping standstones as far as the middle of the peninsula of 
Bayfield. If, however, the synclinal be regarded as having a 
subordinate fold, then the dips may be of much greater amount. 
For many reasons, not necessary to enumerate “here, I regard 
the latter of these as most probably the case.* 

8th. The strange absence of intercalated beds of sandstone 
and conglomerate with the traps of Douglas County is thus 
explained, since the most northerly por tions in that county 
correspond to the most southerly of Ashland County. Hence 
the dipping sandstones would be looked for in Douglas County 
in the unexplored region south of the Copper Range. 


* The low dips—25°—observed in some places, would go to confirm the first of 
these views. 
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9th. The greater similarity of the Douglas County traps to 
those of Isle Royale, than to those of Ashland County, goes to 
confirm my views. 

The dotted lines, then, on the accompanying section give 
my explanation of the structure of this region, in accordance 
with the foregoing facts and views. 

It should be said that the trappean beds of Douglas County 
have been traced for some miles into the Bayfield peninsula, 
and can without doubt be traced still farther, but that they can 
certainly never be actually seen toward its extremity, since 
the covering of drift there is enormous; and since at some 
point they must pass beneath the horizontal sandstones of the 
Apostle Islands, and of the coast of the peninsula. It should also 
be said that much of the area south of the Copper Range in 
Douglas County, between the explored region and the line A 
B, which marks the supposed southerly edge of the northern 
side of the great synclinal, or else the line of the axis of the 
subordinate fold—which area I have supposed to be immedi- 
ately underlaid by beds of the Copper-bearing Series—may be 
found to show horizontal sandstones, since there is no telling 
how far these may have been laid down on the upturned beds 
of the former mentioned series. 

One more point suggests itself as affording strong proof of the 
greater age of the Copper-bearing Series as compared with the 
horizontal sandstones. I refer to the ferruginous and aluminous 
character of the Lower Silurian sandstones of Lake Superior, as 
compared with the light-colored, quartzose sandstones of the 
Mississippi Valley, which are either approximately or identi- 
cally of the same age. If the Copper-bearing traps are older 
than the horizontal red sandstones, then the latter derived 
their material from the wear of these traps, which are remark- 
able for their low amount of silica, considerable percentage of 
alumina (feldspar) and prevailing content of iron (as mag- 
netic iron). Many of these sandstones are almost a trap sand. 
The beds of the Mississippi Valley, however, derived their 
material from the wear of the Huronian quartzites, and Lauren- 
tian quartzose granites. 

University of Wisconsin, March 21st, 1874. 


Art. VIII,—On the Parallelism of Coal-Seams ; by E. B. 
ANDREWS. 


In the April number of this Journal, Dr. Newberry calls 
in question my views of tne general parallelism of coal-seams, 
derived from the study of our Ohio Coal-measures, and thinks 
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them not only “untrue” but “calculated to do positive and 
practical harm.” The only point of difference between us, of 
any interest to science, is whether the ancient shore lines, with 
their coal-marshes, subsided in an even and uniform way, or 
very unevenly, so as to bring each marsh to greatly varying 
depths below the water level. I am led to hold the former 
opinion, while he strenuously maintains the latter. In my 
district, and in the portions of his district—i. e., the one under his 
special supervision—that I have examined, and also in the bor- 
dering States of West Virginia and Kentucky, I find a general 
parallelism of the seams of coal, implying an even and uniform 
subsidence.. This makes system possible and stratigraphy 
useful in our Coal-measures. If, on the other hand, the subsi- 
dence were uneven and irregular, no coal-seam can have its 
proper and exact horizon, and all things are in confusion. If, 
for example—and I quote one of the cases given by Dr. New- 
berry in his article—coals No. 8 and No. 9 are, at one place, 150 
feet apart, and have three coal seams, 8a, 8b and 8c, intercalated 
between them, and a few miles away they are only 50 feet apart, 
with no interealated seams, the mind is left in confusion and 
perplexity, and the practical identification of coal-seams is well 
nigh impossible. The theory of unequal subsidences, of “ very 
local subsidences,” of “ warped and folded strata,” is itself very 
confusing, for it requires us to believe that the old shore-areas 
held themselves in statical equilibrium near the water’s edge 
during the long periodsin which the vegetable matter of the 
coal-marshes was accumulating, and then settled below the 
water level with all sorts of pitches and irregularities. That 
there could be such alternations of perfect rest and equipoise, 
with irregular and lawless subsidence, in a region never dis- 
turbed by igneous or other forces which have left any traces of 
themselves, appears theoretically highly improbable. Accord- 
ing to Dr. Newberry’s published sections, while his coal seam 
No. 5 settled down 20 feet in one place, it settled in another 
130 feet, and farther on in the same direction only. 82 feet. 
Among the illustrations and proofs of this confusion-theory 
adduced by Dr. Newberry, is the varying distance between his 
coal seans No. 1 and No 2. That the Briar Hill, or lowest 
seam in Mahoning and Trumbull Counties, is very irregularly 
bedded, I readily concede. It was laid down in patches and 
strings in the depressions of an uneven surface of Waverly or 
conglomerate, a surface which had probably been long sub- 
jected to sub-aerial erosion. When this very undulating sur- 
face, with the coal-swamps filling its basins and winding hol- 
lows, subsided below the ocean, the introduction of the proper 
Coal-measure stratification began, and then occur horizon- 
tally arranged sediments. Hence, the next seam of coal 
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above is, according to Mr. Reed, in a “perfectly horizontal 
position” over areas where No. 1 shows great irregularities. 
Now, what I should expect in northeastern Ohio would be 
this: That all the subsequently formed seams of coal would be 
formed under the conditions of No. 2, and not after the manner 
of No. 1, whose conditions are entirely exceptional. The low- 
est seam of coal in Jackson County, in my district, is similarly 
uneven ; but the next seam above—the Anthony seam—is per- 
fectly regular and uniform, and in parallelism with all the 
seams above it. This parallelism is turned to practical account 
in the sinking of shafts and other explorations for seams of 
coal. The position of one being known, that of the rest is 
known. With the other alleged proofs of irregular subsidences 

I have no personal knowledge, excepting of the case drawn 

from the region of Belmont ‘and Guernsey Counties, directly 
bordering my district. This is the case already referred to 
where coals No. 8 and No. 9 approximate, with a loss of three 
intercalated seams, viz: 8a, 8b, 8c. I have specially investi- 
gated this case, and find no tendency to convergence between 
No. 8 and No. 9. Everything proceeds westward regularly. 
For example, the (so-called) intercalated seam No. 8c is one of 
the great and continuous seams of my district, and sweeps 
through county after county, always 85 to 100 feet above No. 
8, or the Pomeroy seam. Now, if the plane of seam No. 9, 
starting on the Ohio River, near Wheeling, at an elevation of 
150 feet above No. 8, gradually dips to within 50 feet of No 
8, cutting the plane of the great seam, 8c, in its passage, we 
have in this the most wonderful fact in all the stratigraphy of 
coal fields. The faith of scientific men in this fact will be livelier 
when Dr. Newberry points out the line of intersection of the 
two coal planes. I have used his numbering of the coal-seams. 
There is very great difficulty in accurately numbering our Ohio 
coal-seams, if we begin at the base of the series, since such are 
the inequalities of the surface of the Waverl y that coal No. 1 
in one place is not coal No. 1 in another, and consequently, sec- 
tions taken at different points, and, especially if so taken by 
different men, working without concert and not collating their 
work in the field, will be very conflicting. The make-shift of 
“intercalated seams” only adds to the confusion. 

Dr. Newberry’s method, of condemning my views on the au- 
thority of names, is one often used. but it has no place in sci- 
ence. I could adduce many and great names in favor of 
my theory of general parallelism. Of course, I do not claim 
parallelism in any absolute or mathematical sense, for no marsh 
would constitute a perfectly even plane; and in the subsequent 
compression of the sediments between seams of coal, the oozy 
mud in one place would be more compressed than the sands of 
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another. This would give a little undulation to the planes of 
the coal-seams. I have recently found some interesting illus- 
trations of this. But I hold to a general and well-marked 
parallelism, such as makes the stratigraphy of our coal-fields 
a system of symmetry and beauty, and of the highest practi- 
cal value to all who wish to know the location and range of 
coal-seams. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND PuHysICcs. 


1. Acetylene and its Determination —BiocumMann has sub- 
jected the metallic compounds of acetylene to exact analysis and 
derives the formula C,H,Cu,O for the copper salt, either : 


CH C H.0 
G(cu,oH) 
and the similar formula C,H,Ag,O for the silver compound. 
Its formation is thus given: 
and its decomposition by acids thus: 
C,H,Cu,0+(HCl),=C,H, +Cu,Cl,+4+H, 0. 

The acetylene used for the preparation of these compounds was 
prepared from ethylene bromide by treatment. with alcoholic potash. 
For the estimation of acetylene in gaseous mixtures, he proposes to 
determine the content in copper of the precipitate obtained by pass- 
ing the gas through an ammoniacal solution of cuprous chloride. 
This precipitate should be washed with warm ammonia water so 
long as the wash-water remains blue or contains chlorine. It is 
then dissolved in nitric acid, evaporated to dryness in a platinum 
dish, ignited, and weighed. The Kénigsberg gas examined in 
this way, ten liters being drawn through the solution, afforded in 
two parallel determinations ‘063 and ‘064 per cent of acetylene 
by volume. The production of acetylene by a Bunsen burner 
burning at the bottom of its tube was noticed by Rieth. The 
author finds that a gas, which gave in its combustion-products 
when burned as usual in such a burner 0°120", or 08 per cent by 
volume of acetylene, afforded when burned below, by ordinary 
gasometric analysis 0°96, and by the copper method 0°80 per cent 
of acetylene by volume, twelve times the original quantity.— Ber. 
Berl. Chem. Ges., vii, 274, March, 1874. G. F. B. 

2. On Eucalyptol.—Faust and Homeyer have critically ex- 
amined the hydrocarbon called eucalyptol by Cloez, which consti- 
tutes the principal portion of the ethereal oil of Hucalyptus glo- 
bulus. It was prepared by fractional distillation from this oil, 
three kilograms yielding 600 grams, boiling between 174° and 
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180°. Fractionated over sodium, a liquid was obtained boiling 
constantly from 171° to 174° , entirely soluble in absolute alchohol, 
ether and chloroform in all proportions, and in fifteen parts of 90 
per cent alcohol. Its behavior generally is that of a terpene, 
which its odor resembles. It absorbs oxygen with avidity and 
resinifies, which fact explains its variable boiling point. Sul- 
phuric acid turns it brown and dissolves it ; water sets it again 
free. Nitric acid of sp. gr. 1°4, diluted w ith two parts of water, 
converts it into paratoluic and terephthalic acids. Elementary 
analysis gave 88°74 of carbon, and 11°48 of hydrogen, nearly cor- 
responding to the formula CMe Suspecting an associated 
hydrocarbon poorer in hydrogen, the authors polymerized the 
eucalyptol and after dilution distilled. An oil was obtained boil- 
ing constantly at 173°-4°, and having the composition of cymol. 
Conversion into the barium salt of the sulpho-acid confirmed this 
conjecture. Hence the eucalyptol of Cloez is a mixture of cymol 
with a terpene, which may be called eucalyptene. It is probable 
that not over 30 per cent of cymol is present. The significance 
of these facts, in view of the prominence assigned to the leaves 
and ethereal oil of this plant in the medication of the day, is ob- 
vious.— Ber. Berl. Chem. Ges., vii, 68, Jan., 1874. G. F. B 
3. Compounds of Thallium with Alcohol-radicals.—Though 
the atomic weight of thallium has been fixed from its specific 
heat, as determined by Regnault, yet its analogy with lead on the 
one hand and with potassium on the other, renders a determina- 
tion of the vapor-density of some of its organic compounds desira- 
ble. Hartrwie has accordingly undertaken, in the laboratory of 
Professor Carius in Marburg, the solution of the question. By 
the action of a solution of thallic chloride in ether upon zine-ethyl 
in slight excess, mixed with twice its volume of ether, the chloride 
of thallium-diethyl is obtained, according to the following equa- 


tion: 


The chloride separates as a cream-like mass which is purified by 
recrystallization from hot water. It forms beautiful satin-like 
radiated crystals, difficultly soluble in water, and alterable by 
light. It may be heated to 190° without change; but then it is 
decomposed with a slight explosion into thallous chloride and a 
combustible gas. Analysis fixed its composition as above. By 
double composition, the sulphate, phosphate, nitrate, acetate, and 
iodide of thallium-diethyl were obtained. These thallium-ethyl 
compounds are distinguished clearly from those which tin, mer- 
cury or lead forms with the alcohol-radicals by the fact that they 
undergo no decomposition on treatment with silver oxide. By 
decomposing the sulphate with barium hydrate, thallium-diethyl 
hydrate was prepared. It is twice as soluble in cold as in hot 
water, crystallizes in fine silky needles, and decomposes with 
explosion at 211°. Its solution blues red litmus paper strongly, 
but is remarkable from the fact that a current of carbonic gas 
may be passed through it without the formation of a trace of car- 
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bonate. All attempts to form from this body thallium-triethy]l, 
though its existence is eminently probable, resulted negatively. 
Neither it, nor thallic chloride itself, when heated with zinc-ethyl 
in excess, to 110° or 150°, gave any thallium-triethyl, the products 
being metallic thallium, zine chloride and gas (C,H, and C,H,). 

Subsequently, Carrus himself, in connection with FronMtLirR, 
undertook the preparation of thallium-triethyl. Thallium-diethyl 
chloride, heated in sealed tubes with mercury-ethyl to 150° or 
160°, afforded a colorless liquid about equal in volume to the 
mercury-ethyl used, which was butane. The reaction is: 

TIC, 
Metallic thallium heated with mercury-ethy] in sealed tubes to 
160°-170° gave no more satisfactory results.—Ber. Berl. Chem. 
Ges., vii, 298, 302, March, 1874. G. F. B. 

4. Taurin not Isethionamide.—SryYBERTH has sought to repeat, 
under Ladenburg’s direction, Strecker’s synthesis of taurin. The 
ammonium isethionate employed fused at 135° instead of 130° as 
stated by Strecker. Heated in an oil bath to 210°-230° for sev- 
eral days, it underwent no perceptible change. The temperature 
was then raised to 230°-240°; decomposition took place and the 
mass foamed up. After eight hours, the syrupy mass was dissolved 
in water, boiled with animal charcoal, the solution evaporated, and 
the solid residue recrystallized from alcohol. The warty crystal- 
line masses thus obtained fused at 147°, and became thereby almost 
insoluble in aleohol. After repeated extraction with boiling alco- 
hol, the fusing point became constant at 190-193°. Potassium 
hydrate evolved ammonia from it, and it was readily soluble in 
water. Analysis gave the formula of isethionamide, C,H,NSO,. 
Since it differs entirely from taurin in its properties, it follows 
that taurin cannot be the amide of isethionic acid.—Ber. Berl. 
Chem. Ges., vii, 391, April, 1874. G. F. B 

5. Condensation of Acetylene by the Silent Electric Discharge. 
—P. and A. THENARp have succeeded in condensing acetylene gas 
to the liquid and even to the solid condition by submitting it to the 
silent electric discharge or “ effluve,” in an apparatus contrived by 
the latter. In one experiment, the gas condensed at the rate of 
four or five cubic centimeters per minute, there being deposited 
upon the sides of the tube a solid body, of the appearance of horn, 
very hard and of a wine color. On analysis, this substance af- 
forded the composition of acetylene gas, of which, therefore, it is 
a polymer. It is not acted on by the most energetic solvents, fum- 
ing nitric-acid, in the cold, being without immediate effect on it. 
They have not yet succeeded in distilling it. Operating in a dif: 
ferent manner, the authors have obtained a liquid body, also hav- 
ing the composition of gaseous acetylene. Owing to the minute 
quantities produced, it has not been fully examined. 
in the discussion which followed, called the attention of the Acad- 
emy to the active condensing power of this silent discharge. 
Acetylene, however, is one of the more easily condensible gases, 
benzol being only tri-acetylene. By means of zinc chloride he had 
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obtained a solid product of condensation from benzol, not volatile 
at the temperature at which glass fuses. He had called it bitu- 
mene; Thenard’s product was undoubtedly of the same kind, per- 
haps more condensed.— C, &., xxviii, 219. Moniteur Scientifique, 
wa iv, 265, March, 1874, G. F. B, 
6. Nitro-compounds of the Allyl series.—BrackEBuscu has con- 
tinued his researches on the production of nitro-derivatives by 
means of bromides. When bromallyl is treated with silver nitrite, 
a violent action takes place, and upon distillation there passes 
over two liquids, the lower of which is a heavy oily substance of 
a yellow color, which boils at 96° and gives on analysis numbers 
agreeing with those required by nitro-propylene, C,H,NO,. 
Treated with alcoholic soda solution, the compound C oH, NaNO, 
sodium-nitro-propylene, is produced ; in complete analogy with the 
nitro-derivatives of the fatty series. Potassium acts similarly, 
On reduction with acetic acid and iron-filings, saturation with so- 
dium hydrate and distillation in a current of steam, allylamine, C, 
H,NH,, was obtained. The lighter of the two liquids, forming 
the distillate in the preparation of nitro-propylene, gave similar 
percentage numbers on analysis. Nascent hydrogen evolved from 
it ammonia and it boiled at 85°. It was separated from the nitro- 
propylene by solution in water. It must therefore have been allyl 
nitrite, C,H,.0O.NO.—Ber. Berl. Chem. Ges., vii, 225, March, 
1874. G. F. B, 
7. Repulsion due to Heat.—Professor Crooxss has recently com- 
municated to the Royal Society the result of some experiments 
made with a balance for weighing bodies at a different temper- 
ature and atmospheric pressure from surrounding objects, and with 
which he found that at high temperatures the weight appeared 
to diminish. A straw beam carried masses of pith-ball at each 
end, and was enclosed in a glass tube connected with a Sprengel 
pump. The tube being full of air, a spirit flame was passed 
across the lower part, when the pith-ball descended slightly, and 
then rose to above its original position, as if there was first an 
attraction, instantly overcome by the air-current. The same effect 
was obtained with a glass bulb containing water at 70°, the pith- 
ball rising whether the heated body was above or below it, though 
less rapidly in the latter case. The pump was now set to work, 
when the action became less and less, until with a pressure of 
7 mms. it ceased entirely. It seemed evident that the effect was 
due to air currents, and that in a vacuum no action would ensue. 
Continuing the exhaustive power, it was found that with a pres- 
sure of 3 mms. the pith rose as much as in common air. With 
a further exhaustion a much feebler source of heat, as the finger, 
produced a similar effect. A piece of ice caused the ball to 
descend. Numerous experiments were tried, which proved that 
the action was not due to electricity. A platinum spiral rendered 
incandescent by an electric current was next enclosed in the 
tube, and brass balls were used instead of pith. The tendency 
seemed to be to bring the center of gravity of the brass ball as 
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near as possible to the source of heat, when air of ordinary den- 
sity, or even rarefied, surrounded the balance. Whenthe pressure 
was 5 mms., the attraction was still strong. With a pressure of 
4mm., the attraction was still perceptible, but only feeble. The 
working of the pump was continued for some time, when the attrac- 
tion became nothing. The pump being kept at work for an hour 
longer, a faint but unmistakable repulsion was detected. This 
effect increased when the pump continued to work for several 
hours. The pump tubes were now washed with sulphuric acid, 
and at the end of an hour the spiral was found to be energetically 
repellant. The fingers, a spirit flame and other sources of heat 
produced the same effect. By chemical means, a vacuum was 
formed so perfect that it would not transmit an electric current, 
when the repulsion was decided and energetic. Projecting on a pith- 
ball balance the different portions of the solar spectrum, the repul- 
sion was so worked as to enlarge the apparatus. On repeating 
Cavendish’s experiment, he found that in air the large mass when 
colder than the ball, repelled it, and when hotter, attracted. The 
opposite effects were obtained in avacuum. Similar forces showed 
themselves with a variety of substances, as metals, ivory, char- 
coal, ete. 

After showing that air currents cannot be the cause of these 
motions, he refers to this repulsive action of heat in Nature, and 
states that it is not improbable that the attraction now shown 
to exist between a hot and cold body will equally prevail when 
for the temperature of melting ice is substituted the cold of space, 
for a pith-ball a celestial sphere, and for an artificial vacuum a 
stellar void. In the radiant molecular energy of cosmical masses 
may at last be found that “agent acting constantly according to 
known laws” which Newton held to be the cause of gravity.— 
Quart. Jour. Sct., xlii, 274. E. P. 

8. Double refraction of a Viscous Fluid in motion.—Professor 
MAxweELL, in a paper before the Royal Society, states that a 
viscous fluid, according to Poisson, behaves as an elastic solid 
periodically liquefied for an instant, and solidified again, so that at 
each fresh start, it becomes for an instant like an elastic solid 
free from strain. The state of strain of certain transparent bodies 
may be investigated by this action on polarized light. This action, 
observed by Brenslet, was shown by Fresenel to be an instance of 
double refraction. 

To ascertain whether the state of strain in a viscous fluid in 
motion could be detected by its action on polarized light, a cylin- 
drical box was made with a glass bottom. In this a solid cylinder 
could be made to rotate, and the fluid to be examined placed in 
the annular space between the cylinder and the sides of the box. 
Polarized light was thrown up through the fluid parallel to the axis, 
while the cylinder was made to rotate. No effect was, however, 
obtained with solution of gum or syrup. Canada balsam, which 
had been very thick and almost solid in a bottle, affected the light 
when compressed. 
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It is easy, however, to observe the effect in Canada balsam, 
which is so fluid that it rapidly assumes a level surface after being 
disturbed. Put some Canada balsam in a wide-mouthed square 
bottle ; let light polarized in a vertical plane be transmitted through 
the fluid; observe the light through a Nicol’s prism, and turn the 
prism so as to cut off the light; insert a spatula in the balsam in 
a vertical plane passing through the eye. Whenever the spatula 
is moved up or down in the fluid, the light reappears on both sides 
of the spatula; this continues only so long as the spatula is in 
motion. As soon as the motion stops the light disappears, and 
that so quickly as to prevent, hitherto, the determination of the 
rate of relaxation of that strain which the light indicates. 

If the motion of the spatula in its own plane, instead of being 
the plane of polarization, is inclined 45° to it, no effect is observed, 
showing that the axes of strain are inclined 45° to the plane of 
sheering, as indicated by the theory. Among transparent bodies 
there is considerable diversity in their action on polarized light. 
If a small portion is cut from a piece of annealed glass at a place 
where the strain is uniform, the effect on polarized light ceases as 
soon as the glass is relieved from the stress caused by the unequal 
contraction of the parts surrounding it. But if a plate of gelatine 
is allowed to dry under longitudinal tension, a small piece cut out 
of it exhibits the same effect on light as it did before, showing that 
a state of strain can exist without the action of stress. A film of 
gutta percha, which has been stretched in one direction, has a 
similar action on light. If a circular piece is cut out of such a 
stretched film and warmed, it contracts in the direction in which 
the stretching took place. The body of a sea-nettle has all the 
appearance of a transparent jelly, and it seemed as if spontaneous 
contraction of the living animal might be rendered visible by means 
of light transmitted through its body. It proved, however, that 
even a considerable pressure might be applied without affecting 
the light, showing, as may be seen by dissection, that the sea- 
nettle is not a true jelly, but consists of cells filled with fluid. 

These instances suggest a means of studying the various liquids 
so as to determine whether they differ from solids in having a 
very small rigidity, or in having a small time of relaxation, or in 
both ways. These, which like Canada balsam, act strongly on 
polarized light, have probably a small rigidity, but a sensible time 
of relaxation. Those which do not show this action are probably 
much more rigid and owe their fluidity to the smallness of their 
time of relaxation.— Pil. Mag., xlvii, 390. E. C. P. 

9. Spectroscope with Fluorescent Eyepiece.—M. Lovet has 
employed a spectroscope in which a plate of some transparent and 
fluorescent body is placed at the point of the observing telescope, 
and then viewed through the eyepiece, which is inclined at an 
angle. The fluorescent plate may be made of uranium glass, or 
of thin pieces of glass a short distance apart containing any fluores- 
cent liquid between them. Two lines drawn at right angles on 
the glass take the place of cross-hairs. It is a good plan to inter- 
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pose a plate of cobalt blue glass to cut off the more brilliant 
portion of the spectrum. If the eyepiece is not inclined, the 
presence of the fluorescent plate does not prevent our observing 
the lines of the luminous part of the spectrum with accuracy, but 
the fluorescent spectrum produced by the plate is then seen but 
poorly. On inclining it, however, the luminous spectrum can no 
longer be seen, but the fluorescent spectrum then appears very 
clearly, of a uniform tint traversed by dark lines. These lines 
may be brought to coincide with the lines drawn on the glass and 
their deviation measured. 

With uranium glass the fluorescent spectrum is well seen from 
G; it is very intense near H,; the four rays 1 are also visible, 
but beyond that, little can be seen. 

With bisulphate of quinine, the spectrum is very beautiful and 
bright. It extends but little into the visible part, about to h. 
We see very clearly the rays as far as JV, and even a little beyond. 

Esculine appears to give the most brilliant spectrum; we dis- 
tinguish very clearly the lines V, and even O. The spectrum ~ 
extends into the violet, a little beyond that of quinine. 

Rose-napthaline (Magdala) gives good results for the ultra-violet 
portion as far as M ; but the appearance of the fluorescent spectrum 
is curious in the less refrangible portions. From near D to WM 
we distinguish all the rays with perfect clearness.— Bib. Univ., 
No. 196, p. 338. E. C. P. 

10. Polarization of Metallic Surfaces—M. G. QuinckE has 
determined the prime angle of incidence and prime azimuth of the 
Fraunhofer lines UV, D, #, # and G, for various substances. 
Through a collimator with a vertical slita beam of parallel rays 
falls on a polarizing prism standing in the azimuth 45°, and then 
on an observing telescope whose cross-lines can be illuminated by 
a plane glass mirror. A thin wire runs across the slit of the colli- 
mator to which the cross-thread of the telescope is adjusted. Be- 
tween the collimator and observing telescope is a stand in which 
are placed two parallel mirrors of the substance to be examined, 
The analyzing prism is placed on a vertical circle, and between it 
and the eye is inserted a flint-glass prism. The light from the slit 
is thus spread out, giving a horizontal spectrum with Fraunhofer 
lines of from 1° to 3° breadth. If from a heliostat sunlight be let 
through the slit of the collimator and polarized in the azimuth 45°, 
a dark streak appears in the spectrum, which may be made to fall 
on any desired Fraunhofer line by changing the angle of incidence 
and the azimuth of the analyzer. The difference of phase and ratio 
of the amplitudes of the components polarized parallel and perpen- 
dicular to the plane of reflection, or the intensity of the compo- 
nents of the reflected light, can thence be calculated for any angle 
of incidence. The most perfect surfaces are possessed by nickel, 
silver, gold and selenium; the latter being melted and pressed 
with a cold plate of glass. With the exception of gold, in the 
case of all the metals here mentioned, the prime angle of incidence 
(polarization angle) diminishes with the diminution of the wave- 

Am. Jour. Vou. VIII, No. 48.—Juxy, 1874, 
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length, the reverse of what takes place with transparent bodies, 
The diminution, however, is very different with different metals, 

The prime azimuths partly increase and partly diminish as the 
wave-lengths become less. Platinum shows a maximum value for 
the line D, cobalt and bismuth for the line Z, and tin for the 
line 

Observations were also made with thin transparent layers of 
gold, silver and platinum of thicknesses varying from 8 to 75 
millionths of a millimeter. They show that the prime angle of in- 
cidence and the prime azimuths increase as the thickness increases, 
but in different degrees for different colors, With silver the prime 
azimuth exhibits a maximum value for a certain Fraunhofer line, 
which maximum moves toward the red end of the spectrum as the 
thickness is augmented. Gold, in transparent as in non-transparent 
layers, has a minimum angle of incidence at Fraunhofer’s line 
These values are not altered by magnetizing or electrifying the 
plates —Pogg. Jubelband, 336 ; Phil. Mag., xlvii,321. c. P. 


II. GroLoagy AND NATURAL History. 


1. Small size of the Brain in Tertiary Mammals; by Prof. O. C. 
Marsu.—At the last meeting of the Connecticut Academy of Arts 
and Sciences, June 17th, Prof. Marsh of Yale College made a com- 
munication on the size of the brain in Tertiary Mammals. His re- 
searches on this subject have been mainly confined to the larger ex- 
tinct mammals which he had obtained in the Rocky Mountain re- 
gion, and the results are of peculiar interest. The Eocene mammals 
all appear to have had small brains, and in some of them the brain 
.cavity was hardly more capacious than in the higher reptiles. 
The largest Eocene mammals are the Dinocerata, which were but 
little inferior to the elephant in bulk. In Dinoceras Marsh, the 
type genus, the brain cavity is not more than one-eighth the aver- 
age size of that in existing Rhinoceroses. In the other genera of 
this order, Zinoceras Marsh and Uintatherium Leidy, the small- 
ness of the brain was quite as remarkable. The gigantic mam- 
mals of the American Miocene are the Brontotheride, which 
equalled the Dinocerata in size. In Brontotherium Marsh, the 
only genus of the family jn which the skull is known, the brain 
cavity is very much larger than in the Eocene Dinoceras, being 
about the size of the brain in the Indian Rhinoceros. In the Plio- 
cene strata of the West, a species of Mastodon is the largest mam- 
mal, and although but little superior in absolute size to Bronto- 
therium, it had a very much larger brain, but not equal to that 
of existing Proboscidians. The Tapiroid ungulates of the Eocene 
had small brain cavities, much smaller than their allies, the Mio- 
cene Lhinocerotide. The Pliocene representatives of the latter 
group had well developed brains, but proportionally smaller than 
living species. A similar progression in brain capacity seems to 
be well marked in the equine mammals, especially from the Eocene 
Orohippus, through Miohippus and Anchitherium of the Miocene, 
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Pliohippus and Hipparion of the Pliocene, to the recent Agus. 
In other groups of mammals, likewise, so far as observed, the 
size of the brain shows a corresponding increase in the succes- 
sive subdivisions of the Tertiary. These facts have a very im- 
portant bearing on the evolution of mammals, and open an inter- 
esting field for further investigation. 

2. Coal (or Lignite) in the Cretaceous of Minnesota.—Prof. ™. 
H. Winchell, in his Report for 1873, announces the existence of 
coaly layers at several points in the Cretaceous of Minnesota, 
especially in the banks of Crow Creek and those also of the Red- 
wood; but states that all explorations thus far made have proved 
fruitless. The coal found on the Redwood was earthy, passing 
sometimes into good Cannel coal, or into a bituminous clay ; the 
compact Cannel coal is in detached lumps, and occurs throughout 
a band about four feet in thickness. At another outcrop, the Lig- 
nitic band is in the form of a black bedded clay or shale, five or 
six feet thick, containing some coaly or charcoal-like fragments. 
Mr. Winchell adds that “so far as discovered, there is not enough 
coal embraced in the Cretaceous of this State to warrant sanguine 
expectations of its becoming economically useful.” 

3. Geological Survey of Pennsylvania.—Professor J. P. Lestry, 
of the University of Pennsylvania, has been chosen by the Com- 
missioners for the charge of the new geological survey of Penn- 
sylvania, to which the Legislature have devoted $35,000 for three 
years. Professor Lesley, as is well known, was one of the original 
corps of Professor H. D, Rogers on the former survey, and no man 
has probably so thorough a knowledge of the geology of the State 
as he. It is proposed to devote the re-survey especially to its 
economic geology. 

4, Dana’s Manual of Geology.—A new edition of Dana’s 
Manual has just been issued by Ivison, Blakeman, Taylor & Co., 
New York. The work has been much enlarged and to a great 
extent rewritten by the author, this having been required, as the 
preface states, by the progress which the science has made during 
the twelve years past. American geology, especially, has been 
greatly advanced during that interval through the many State 
surveys, and also through the independent researches of Leidy, 
Marsh, Cope, and other paleontologists and geologists. 

Many new illustrations have been introduced, and, among them, 
an excellent engraving of the human skeleton of the cave of Men- 
tone forms a frontispiece to the volume. Besides the additions to 
the text, which the new facts and the progress in the principles of 
the science required, the author has introduced a chapter 
on one of the departments of chemical geology, giving the de- 
structive and formative effects that take place through the agency 
of water and the atmosphere, and also another chapter, at the 
close, presenting a brief review of geological dynamics, under the 
title of “Effects referred to their causes.” The work is printed 
in excellent style ; and although containing one-sixth more matter 
than the former edition, the volume, owing to its larger page of. 
text, is but little increased in actual size. 
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5. Report on the Exploration of Brixham Cave, conducted by 
a Committee of the Geological Society, and under the superin- 
tendence of Wirtiam PENGELLY, Esq., F.R.S., aided by a local 
committee ; with Descriptions of the Animal Remains, by GrorcE 
Busk, F.R.S., and of the Flint Implements, by Joun Evans, 
Esq., F.R.S. By Prestwicn, F.R.S., F.G.S., Re- 
porter. 100 pp. 4to.—This detailed and well illustrated memoir 
bears evidence that no pains in the exploration of the ca¥e was 
spared that could add to the exactness and completeness of the 
series of facts afforded by it. The principal conclusions are already 
in the last edition of Lyell’s Antiquity of Man, and need not be 
here repeated. 

6. Helderberg Rocks in New Hampshire.—A note from Pro- 
fessor C. H. Hitchcock states that Mr. Huntington has obtained 
specimens of Halysites or chain coral on Fitch Hill, in Littleton. 

7. Das Gebirge um Hallstatt, eine geologische, paldontolo- 
gische Studie aus den Alpen; von Epmunp Mojgsisovics von 
Mossvar. 1. Theil. Die Mollusken-Faunen der Zlambach- und- 
Hallstaitter Schichten, 1 Heft. From the Abhandlungen d. k. k. 
geol. Reichsanstalt, vol. 6, 4to. Vienna, 1873.—This is one of the 
ablest and most complete of the publications issued by the Geo- 
logical Survey of Austria, and exhibits in all its parts the cave and 
skill of the author. 

Two new genera of Ammonitoids are described, Pinnacoceras 
and Sageceras. The former isa portion of the old genus Arcestes 
of Suess, with Arcestes galeiformis as the type, and the latter is 
new, with Goniatites Haidingeri as the type. These genera are 
most carefully described, but the main merit of the work consists 
in the apparently successful attempts to classify the Hallstatt beds, 
which have been subjects of discussion for many years among Eu- 
ropean paleontologists. For accomplishing this task in one of the 
most difficult localities in Europe, the author deserves and will 
doubtless win the highest praise. The species so far as published 
confirm the view that Hallstatt presents a peculiar fauna, but one 
which contains also a few species that are partly Jurassic, and 
others’that are partly Carboniferous in their aspect. These are 
sufficient in number to show closer relations between the Carbon- 
iferous and Jurassic forms of Mollusca than are elsewhere known. 


G. H. 

8. On Datolite ; by E. S. Dana, (TZschermak’s Min. Mittheil- 
ungen. Vienna, 1874.)—This paper contains the results of a crys- 
tallographic study of the datolite of the principal European locali- 
ties, and is illustrated by a plate containing figures of crystals 
from Tuscany, Arendal, and Andreasberg, with also, for compari- 
son, three of the forms described and figured by the author in his 
Bergen Hill paper.* In addition, a catalogue is given of all the 
known planes of datolite crystals, now numbering 71. of which 16 
were added by Mr. Dana trom the Bergen Hill crystals, and 10 
from those of foreign localities. A table contains the principal 
angles of all the forms, for the most part recalculated by the 


* This Jour., ITI, iv, 16. 
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author, and a diagram presents a map-projection, after Miller’s 
method, of all known planes in their zones. The crystals studied 
were from the Royal Mineralogical Museum of Vienna, of which 
Professor Tschermak is Director. 

9. On Atacamite; by E. 8S. Dana, (Zschermak’s Min, Mit- 
theilungen. Vieuna, 1874.)—The results of a large number of 
measurements of crystals of Atacamite, from Wallarro, South 
Australia, are here presented. They prove that the species is, as 
hitherto supposed, orthorhombic, but show further some irregular- 
ities in the planes of the vertical series, which can be explained 
only by the assumption of a dome 40-4 taking the place of 7%, and 
a corresponding pyramid, in place of the prism I. The crystals 
under examination were placed in the hands of the author by Dr. 
A. Schrauf of the Vienna Mineralogical Museum. 

10. Changes in the character of Vegetation produced by Sheep- 
grazing.—Dr. Suaw, of the Cape of Good Hope, sent to the 
Linnean Society an interesting communication (published in its 
Journal, No. 75) upon the ill effects of over stocking the dry graz- 
ing districts of Southern Africa with merino sheep. The sheep 
have introduced one obnoxious bur, that of Xanthium spinosum, 
which came in their wool. and which has spread to such an extent 
that it is only by the enforcement of severe, but almost too late, 
legislative enactments “that it is kept from being a sweeping 
curse to the wool-producers. In the Orange River Republic it has 
so affected the wool in some parts of the country as to make it 
nearly unremunerative as a staple product. 

The principal changes, however, are not in the introduction of 
foreign plants, but in the alteration of the range and relative 
abundance of those that belong to the country. When first intro- 
duced into the midland or pasturage region, the sheep fed mainly 
on the grass. This, in a country with only periodical rain and 
under a high sun, soon began to fail. “ Suffruticose plants and 
shrubs could alone stand against the sheep and such a climate; 
and at first, and as long as the grass was prominent, these could 
enjoy immunity from the sheep. But the grass vanished very 
rapidly, and the brush and scrub came to be the main resource of 
the flocks, and the ground was left to them and to obnoxious and 
poisonous herbs, . . . and to the intoxicating Melicw, the 
‘dronk’ grass of the Dutch colonists.” It used to be thought that 
grasses were everywhere salubrious and bland; but it appears that 
in South Africa there are certain species of Melica of very ill repute ; 
that these have increased incredibly in the last few years; and 
that the transport riders with their oxen (te only carrying power) 
have to travel over a wide stretch without stopping, because of 
these grasses, “ on eating which cattle become afflicted with intoxi- 
cation to an alarming extent.” As the edible grasses and herbs, 
and then the less inviting scrubby plants, are consumed and de- 
stroyed, the bitter and nauseous plants of the drier Karoo region 
adjacent come in and contribute their energies to the extirpation 
of the indigenous and proper flora of the region, and render it 
more and more unfit for sheep pasturage. 
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It may be said that this same region used to support millions of 
antelopes; but then, these were always on the move, in their 
migration following the rains and the young fresh “herbage ; : 
whereas the sheep are kept upon the limited area, where they cause 
as much destruction by their tread as by eating. The rain-fall is 
said to be affected, becoming more precarious and in thunder 
torrents, and so does not to the same extent soak into the ground, is 
carried off by the water-courses, and fails to supply the springs, 
which become weaker and less ‘perennial year after year. More- 
over, the Chrysocoma and other disagreeable Composite, at first 
eschewed by the sheep, but upon which they have to feed from 
necessity, greatly injure the mutton, which tastes and smells of 
them. Truly was it said by the veteran Fries, that the appointed 
lord of creation is apt to do his utmost toruin it; that thorns and 
thistles, ill-favored and poisonous plants, mark the track which 
man has traversed through the earth. 

The introduction of sheep into the foot-hills and higher portions 
of the Sierra Nevada in California is beginning to make havoc of 
its proper flora; from which it is not botany only that will suffer. 

A. G. 

11. The Perigynium and occasional Setu in Carex have recently 
been studied in England by Professor McNaxs and Professor 
Dyer; and the results of an investigation of the early develop- 
ment are recorded in two short papers in the Linnean Society’s 
Journal, No. 75 (April). Contrary to Mr. Bentham’s suggestion, 
the seta is proved to be of axial nature; and the perigynium 
answers to a single bract, according to Professor McNab—of pro- 
bably one or possibly two bracts, according to Professor Dyer. 

A. G. 

21. Maximowicz, Diagnoses Plantarum Japonie, etc.—The 
15th and 16th decades, September and October, 1873, contain some 
generally interesting matters. For instance, a review of the species 
of Sanguisobta, from which it appears that S. Canadensis and 
S. alpina develop their flowers from the base of the spike up- 
ward, while in 8. officinalis and S, obtusa the flowering proceeds 
from the apex of the spike toward the base. There is a good ac- 
count of the Japanese Pomacee, and another of Ribes, with revised 
characters. Dr. Maximowicz has some important remarks on the 
generic value of the number of vitte in Umbelliferce, upon the 
strength of which he declines to separate Archangelica from An- 
gelica, and to divide Conioselinum between Selinum and Ligus- 
ticum. A. G. 

13. Botanical Contributions, by Asa Gray. From Proceedings 
of the American Academy of Arts and Sciences, May, 1874, vol. 
ix.—This paper is wholly, as the preceding one was mainly, de- 
voted to Composite, and it contains several North American 
genera, such as Madia, Hemizonia (18 species), Beria, Actino- 
lepis (8 species), Se hkuhvia (with a very peculiar new species), 
Helenium (now of 20 species, including Mexican ones), Microseris, 
including Culais (17 species), Malacothrix (11 species), Troseimon, 
including Mae rorhynchus and Lygodesimia. 
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The present volume of the Proceedings indicates an increased 
activity of the American Academy, at least in the way of publica- 
tion. This ninth volume is filled with the work of the year, end- 
ing with the meeting in May, and is actually issued early in June. 
The papers are separated from the proceedings, the latter, with 
the notices of members deceased during the two past years, form- 
ing the latter part of the volume. An activity upon which the 
Academy (now approaching its centenary) may pride — - 
which is highly creditable to the two secretaries. 

14. Influence of Climate and Topography on Trees ce y= 
Francisco Bay ; by I. G. Cooper, M.D. <A paper in Proc. Cali- 
fornia Acad. Sci., March, 187 4.—The comparative scarcity of trees 
and small number of species around the bay, as compared with 
the districts immediately north and south, arrested Dr. Cooper’s 
attention. He concludes that the main cause of the deficiency is 
the prevalence of the sea-winds from the northwest, throughout 
the dry season; these sweeping in through the Golden Gate and 
through the depression of the coast range between Petaluma and 
Tomales Bay. The character of the soil and elevation above the 
sea are of comparatively little consequence. “Since the general 


course of the mountain ranges is nearly northwest in this region,: 


and the wind strikes their southwest slopes obliquely, and the 
sun in its daily course shines most intensely and longest upon 
the same exposure, it follows that this slope is almost everywhere 
destitute of trees, although along the coast exposed to the great- 
est rainfall and the most fog. The opposite or northeast slopes, 
therefore, usually have the greatest tree growth.” ... “These 
winds seem to act in two ways. First, by their drying power, as 
seen in the absence of trees on slopes of hills exposed to them, 
while trees may abound on the opposite slope, though facing the 
south and more exposed to thesun. Second, by their coolness not 
permitting the sun’s heat to produce the growth, even where mois- 
ture is abundant.” The grouping of the trees of the district at 
different distances around San Francisco is then given, in more 
detail. A. 
15. Catalogue of Plants growing without Cultivation in the 
State of New Jersey, etc. ; by Otiver H. Instructor 
of Natural Science in the Alexander Institute. New York 
(Schemerhorn & Co.), 1874. Besides the 70 pages of Catalogue, 
Mr, Willis, having the needs of botanical students and collectors 
in view, has usefully filled several pages with practical suggestions 
to teachers, and directions for drying and preserving plants. The 
latter are to be commended, except as to the liquid for poisoning 
specimens. “To preserve specimens from the depredations of 
insects, make a saturated solution of corrosive sublimate in fourth- 
proof alcohol, then add an equal bulk of water, and with this solu- 
tion wet the parts of the plants attacked.” A solution of this 
sort will not penetrate into the specimens promptly, and the weak 
spirit will evaporate too slowly. Use 95 per cent alcohol, and 
dilute with the same, or, better, dissolve an ounce of corrosive 
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sublimate in a quart of the strongest alcohol, and it will be of the 
roper strength. The poison will thus promptly penetrate the 
interior of the specimen, and be left there, while the quick evapo- 
ration of the alcohol avoids the injury which water or weak spirit 
may give rise to. Mr. Willis has also added to his Catalogue a 
list of the botanists of this country, taken from the Botanical 
Directory of the Torrey Club. The Catalogue itself is unusually 
full of details, popular accounts of the more remarkable plants 
being given, and of many that are not particularly so. One item 
is especially gratifying to farmers, viz., that the author has never 
seen a Canada Thistle in the State, “except in the Presbyterian 
church-yard, Freehold.” Among the wild plants omitted we will 
mention the charming Linnea. A. 
16. Professor C. F. Mrtssner of Basle, an excellent man and 
distinguished botanist, who has long been infirm, died on the sec- 
ond of May, ult. His large herbarium had become the property 
of Columbia College, New York, through the liberality of a gener- 
ous lover of botany, and is joined with that of the lamented Dr. 
Torrey. A. G. 
17. INustrated Catalogue of the Museum of Comparative Zool- 
ogy, No. VII. Revision of the Echini, Part IV; by Atex- 
ANDER AGassiz.—This part completes the Revision of the Echini, 
upon which Mr.Agassiz has been engaged for several years, and is 
devoted to their Anatomy and Embryology. Like the previous 
parts, it is accompanied by many excellent plates, done by the new 
photographic processes, increasing the total number of plates to 
ninety-four, with sixty-nine wood-cuts. Notwithstanding the very 
serious loss, in the Boston fire, of manuscripts, drawings and plates 
intended for this velume, the author has produced a very useful 
and valuable work, in which the entire anatomy and embryology 
of the Echini, so far as known, are reviewed in detail. There are 
also chapters on the habits, geological succession, and affinities of 
the Echini. Under the last head the author maintains the view, 
held quite generally by American naturalists, that the Echino- 
derms are closely related to the Acalephs and Poly ps, in opposition 
to the opinions of many prominent European zoologists, that they 
are allied to the worms, or form by themselves a separate branch 
of the Animal Kingdom. v. 
18. Lilustrated Catalogue of the Museum of Comparative Zool- 
ogy. No. VIII. Zoological Results of the Hassler Expedition. I. 
Echini, Crinoids, and Corals; by Atex. Acassiz and L, F. pr 
PourtaLes. 49 pp. 4to, with 10 plates.—The first part, relating to 
the Echini, is by Mr. Agassiz, It contains description of, and notes 
upon, many of the more interesting species collected by the expe- 
dition, and is accompanied by four plates, upon which eleven 
species are well figured by the “heliotype” process. Many of 
the more important species were dredged in 100 fathoms, off Bar- 
badoes ; others are from Patagonia, the west coast of America, 
and the Galapagos Islands. Mr. Pourtales describes and figures 
a new species of Rhizocrinus (R. Rawsonii) dredged in 80 to 120 
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fathoms, off Barbadoes. He also describes and figures a specimen 
of Holopus Rangii D’Orb., from off Barbadoes, loaned to Protessor 
. Agassiz by Governor Rawson, and upon the study of which Pro- 
fessor Agassiz was engaged during his last days at the Museum. 
In the part relating to the Corals, Mr. Pourtales has described 
and figured many interesting deep-sea species, many of which 
are new, and has given additional localities for others previously 
described.* Most of them are from the rich locality off Barbadoes, 
referred to above, but a few are from Brazil and the Pacific. 
Among the more interesting forms is a new genus (Duncania 
Barbadensis) which is referred to the Rugosa, 

19. On the Habits of the California Woodrat; by A.W. Cuase, 
Assistant U. 8. Coast Survey. rom a letter to B. Silliman, dated 
Anaheim, California, May 27, 1874.)—While on the northern coast 
I noticed a fact in natural history to me quite curious, regarding 
the habits of the so-called California woodvrat. I am not suffi- 
ciently versed in such matters to give you the name of this inter- 
esting creature. It is a little larger than an ordinary Norway rat, 
dark-brown in color, with large lustrous eyes, and a tail covered 
with thin hairs. I should call it intermediate between the squirrel 
and rat. This creature builds its nest in the woods, sometimes 
on the ground, more frequently in the lower branches of trees. 
They accumulate a surprising quantity of dried twigs, which they 
interlace to form a dome-shaped structure, often ten or twelve feet 
high and six or eight feet in diameter. 

Openings in the mass lead to the center, where is found the 
nest, consisting of the finely-divided inner bark of trees, dried 
grass, etc. But it is to the peculiar thievish propensity of this 
little creature that I wish to call attention. 

To make my story intelligible, I would first state that I am 
partial owner of some property on the Oregon coast, on which a 
saw -mill had been placed, but which, owing to various causes, has 
never been in operation. On this property was a dwelling house 
for the hands, in which, on work being discontinued, were stored a 
quantity of stuff, tools, packing for the engine, six or seven kegs 
of large spikes; in the closets, knives, forks, spoons, etc. A large 
cooking stove was left in one of the rooms. 

This house was left uninhabited for two years, and, being at 
some distance from the little settlement it was frequently broken 
into by tramps who sought a shelter for the night. When I 
entered this house I was astonished to see an immense rat’s nest 
on the empty stove. On examining this nest, which was about 
five feet in height, and occupied the whole top of the stove (a 
large range), 1 found the outside to be composed entirely of 
spikes, all laid with symmetry so as to present, the points of the 
nails outward. In the center of this mass was the nest, composed 
of finely divided fibers of the hemp packing. Interlaced with the 

* In a recent letter Mr. Pourtales desires us to make the following correction : 
He now considers the species described as Flabellum Braziliense (p. 38, pl. VI, 
figs. 16, 17) identical with the Euphyllia spinulosa Dana, and therefore proposes 
to call it Flabellum spinulosum. 
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spikes, we found the following: About three dozen knives, forks 
and spoons, all the butcher kniv es, three in number, a large carv- 
ing knife, fork and steel; several large plugs of tobacco; ‘the out- 
side casing of a silver watch was disposed of in one part of the 
pile, the glass of the same watch in another, and the works in still 
another; an old purse containing some silver , matches and to- 
bacco ; ‘nearly all the small tools from the tool closets, among 
them several large augers. Altogether, it was a very curious 
mixture of different articles, all of which must have been trans- 
ported some distance, as they were originally stored in different 
parts of the house. 

The ingenuity and skill displayed in the construction of this 
nest and the curious taste for articles of iron, many of them heav ys, 
for component parts, struck me with surprise. The articles of 
value were I think stolen from the men who had broken into the 
house for temporary lodging. I have preserved a sketch of this 
tron-clad nest, which I think unique in natural history. 

Many curious facts have since been related me, concerning the 
habits of this little creature. A miner told me the following: 
He once, during the mining excitement in Siskyiou County, 
became in California parlance “ dead broke,” and applied for and 
obtained employment in a mining camp, where the owners, hands 
and all slept in the same cabin. Shortly after his arrival small 
articles commenced to disappear ; if a whole plug of tobacco were 
left on the table, it would be gone in the morning. hen. bi a bag, 
containing oue hundred or more dollars in gold dust, w taken 
from a small table at the head of a “ bunk,” in w hich one of the 
proprietors of the claim slept. Suspicion fell on the new comer, 
and he would perhaps have fared hardly; for, with those rough 
miners, punishment is short and sharp; but, just in time, a 
large rat’s nest was discovered in the garret of the cabin, and in 
it was found the missing money, as w ell as the tobacco and other 
articles supposed to have been stolen. 

20. The Doctrine of Evolution: its data, its principles, its 
speculations, and its Theistic bearings. By ALEXANDER WIN- 
cHELL, LL.D., Chancellor of Syracuse University, &c. 148 pp. 
12mo. New York, 1874. (Harper & Brothers. \—This volume is 
an argument against the derivation of species by gradual variation. 
The author sustains the idea of a system of evolution in the organic 
kingdoms, but with this qualification, that “the evolution, while 
a real evolution in its main features,’ has “many facts of a 
strongly discordant character” in its details. He observes that 
the theories of evolution admitting of progress by considerable 
leaps “escape measurably from the embarrassments” which those 
encounter that make the progress gradual. In his concluding re- 
marks, after a recapitulation of his deductions from known facts, 
the author says that there exists no “a priori ground for denying 
that some phase of the doctrine of filiative evolution in the or ganic 
world may yet become proven and established,” and then rightly 
adds, that if so established there will be in this “no proof of the ab- 
sence of immediate divine agency from any of the operations of life.” 
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III. Astronomy. 


1. On the Motions of some of the Nebule toward or from the 
Earth ; by Wuru1am Hvueeins.—The observations on the motions 
of some of the stars toward and- from the earth, which I had the 
honor to present to the Royal Society in 1872, appeared to show, 
from the position in the heavens of the approaching and receding 
stars, as well as from the relative velocities of their approach and 
recession, that the sun’s motion in space could not be regarded es 
the sole cause of these motions. “There can be little doubt but 
that in the observed stellar movements we have to do with two 
other independent motions—namely, a movement common to cer- 
tain groups of stars and also a motion peculiar to each star.”* 

It then presented itself to me as a matter of some importance 
to endeavor to extend this inquiry to the nebul, as it seemed 
possible that some light might be thrown on the cosmical relations 
of the gaseous nebule to the stars and to our stellar system by 
observations of their motions of recession and approach. 

Since the date of the paper to which I have referred, I have 
availed myself of the nights sufficiently fine (unusually few even 
for our unfavorable climate) to make observations on this point. 
The inquiry was found to be one of great difficulty, from the faint- 
ness of the objects and the very minute alteration in position in 
the spectrum which had to be observed. 

At first the inquiry appeared hopeless, from the circumstance 
that the brightest line in the nebular spectrum is not sufficiently 
coincident in character and position with the brightest line in the 
spectrum of nitrogen to permit this line to be used as a fiducial 
line of comparison. The line in the spectrum of the nebule is 
narrow and defined, while the line of nitrogen is double, and each 
component is nebulous and broader than the line of the nebule. 
- The nebular line is apparently coincident with the middle of the 
less refrangible line of the double line of nitrogen.t 

The third and fourth lines of the nebular spectrum are undoubt- 
edly those of hydrogen, but their great faintness makes it impossi- 
ble to use them as lines of comparison under the necessary condi- 
tions of great dispersive power, except in the case of the brightest 
nebule. 

The second line, as I showed in the paper to which I have re- 
ferred, is sensibly coincident with an iron line, wave-length 495°7 ; 
but this line is inconveniently faint, except in the brightest nebule. 

In the course of some other experiments my attention was di- 
rected to a line in the spectrum of lead which falls upon the less 
refrangible of the components of the double line of nitrogen. 
This line appeared to meet the requirements of the case, as it is 
narrow, of width corresponding to the slit, defined at both edges, 
and in the position in the spectrum of the brightest of the lines 
of the nebule. 


* Proceedings of the Royal Society, vol. xx, p. 392. + Ib., p. 380. 
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In December, 1872, I compared this line directly with the first 
line in the spectrum of the Great Nebule in Orion. I was de- 
lighted to find this line sufficiently coincident in position to serve 
as a fiducial line of comparison. 

I am not prepared to say that the coincidence is perfect ; on the 
contrary, I believe that if greater prism power could be brought 
to bear upon the nebule, the line in the lead spectrum would be 
found to be in a small degree more refrangible than the line in 
the nebule. 

The spectroscope employed in these observations contains two 
compound prisms, each giving a dispersion of 9° 6’ from A to H. 
A magnifying power of 16 diameters was used. 

In the simultaneous observation of the two lines it was found 
that if the lead line was made rather less bright than the nebular 
line, the small excess of apparent breadth of this latter line, from 
its greater brightness, appeared to overlap the lead line to a very 
small amount on its less refrangible side, so that the more refran- 
gible side of the two lines appeared to be in a straight line across 
the spectrum. This line could be therefore conveniently employed 
as a fiducial line in the observations I had in view. 

In my own map of the spectrum of lead this line is not given. 
In Thalén’s map (1868) this line is represented by a short line to 
show that, under the conditions of spark under which Thalén ob- 
served, this line was emitted by those portions only of the vapor 
of lead which are close to the electrodes. 

I find that by alterations of the character of the spark this line 
becomes long and reaches from electrode to electrode. As some 
of those conditions (such as the absence of the Leyden jars, or the 
close approximation of the electrodes when the Leyden jars are in 
circuit) are those in which the lines of nitrogen of the air in which 
the spark is taken are faint or absent, the circumstance of the line 
becoming bright and long, or faint and short inversely, as the line 
of nitrogen suggested to me the possibility that the line might be 
due not to the vapor of lead but to some combination of nitrogen 
under the presence of lead vapor. As, however, this line is bright 
under similar conditions when the spark is taken in a current of 
hydrogen, this supposition cannot be correct. 

A condition of the spark may be obtained in which the strong- 
est lines of the ordinary lead spectrum are scarcely visible, and 
the line under consideration becomes the strongest in the spectrum, 
with the exception of the bright line in the extreme violet. 

I need scarcely remark that the circumstance of making use of 
this line for the purpose of a standard line of comparison is not 
to be taken as affording any evidence in favor of the existence of 
lead in the nebule. 

Each nebula was observed on several nights, so that the whole 
observing time of the past year was devoted to this inquiry. In 
no instance was any change of relative position of the nebular 
line and the lead line detected: 
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It follows that none of the nebule observed shows a motion of 
translation so great as 25 miles per second, including the earth’s 
motion at the time. The motion must be considered in the re- 
sults to be drawn from the observations; for if the earth’s motion 
be, say, 10 miles per second from the nebule, then the nebula 
would not be receding with a velocity greater than 15 per second ; 
but the nebula might be approaching with velocity as great as 35 
miles per second, because 10 miles of this velocity would be de- 
stroyed by the earth’s motion in the contrary direction. 

The observations seem to show that the gaseous nebule as a 
class of bodies have not proper motions so great as many of the 
bright stars. It may be remarked that two other kinds of motion 
may exist in the nebule, and if sufticiently rapid, may be detected 
by the spectroscope. 1. A motion of rotation in the planetary 
nebulz, which might be discovered by placing the slit of the in- 
strument on opposite limbs of the nebule. 2. A motion of trans- 
lation in the visual direction of some portions of the nebulous 
matter within the nebula, which might be found by comparing the 
different parts of a large and bright nebula. 

Sir William Herschell states that “nebule were generally de- 
tected in certain directions rather than in others, and the spaces 
preceding them were generally quite deprived of stars; that the 
nebule appeared some time after among stars of a certain consid- 
erable size, and but seldom among very small stars; that when I 
came to one nebula I found several more in the same neighbor- 
hood, and afterward a considerable time passed before I came to 
another parcel.””* 

Since the existence of real nebule has been established by the 
use of the spectroscope, Mr. Proctort and Prof. D’Arrest{ have 
called attention to the relation of position which the gaseous 
nebule hold to the Milky Way and the sideral system. 

It was with the hope of adding to our infermation on this point 
that these observations of the motions of the nebula were under- 
taken. 

In the following list the numbers are taken from Sir J. 
Herschel’s “ General Catalogue of Nebule.” The earth’s motion 
given is the mean of the motions of the different days of observa- 
tion. 

No, Others. Earth’s motion from Nebule. 
1179 36 = M. 42 7 miles per second. 

4373 IV. 37. 
4390 
4447 
4510 7 IV. 51. 
4964 Fv. 


—Proc. Roy. Soc., March, 1874. 


* Philosophical Transactions, 1784, p. 448. 
+ “ Other Worlds than Ours,” pp. 280-290. 
¢ ‘‘ Astronomische Nachrichten,” No. 1908, p. 190. 
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2. Astronomical Observatory in the Sierra Nevada.—Mr. James 
Lick, of San Francisco, already renowned for his munificent gift to 
the California Academy of Sciences, has recently devoted to public 
purposes $2,000,000 ; and of this sum $700,000 are set aside for the 
equipment of an Astronomical Observatory on some elevated 
point in the Sierra Nevada. Land on the borders of Lake Tahoe 
has been given by him. But in case this site is not thought the 
best, the trustees, in conjunction with Messrs. Alvan Clark & 
Sons, the well-known opticians, are to appoint a person who shall 
determine on a site. The $700,000 are to be applied to the 
making of atelescope larger and better than any now in existence; 
and the surplus left, after paying for the telescope, is to be invested 
for the maintenance of the observatory, or, “ be made useful in 
promoting science.” 

3. Cordoba Observatory.—The report of Dr. Gould of the work 
done at this observatory during the past year is received. From 
this we learn that at the date of the report, 538 zones had been 
observed, comprising over 70,000 stars. He estimates that about 
115 zones more will cover the southern heavens according to the 
plan which he has adopted for this catalogue. Rejecting dupli- 
sates, he estimates the whole number of independent stars in it as 
likely to exceed 65,000, He states that the middle of the present 
year may see the zone observations completed. 

4. Coggias Comet.—Dr. TirtseN gives the elements and an 
ephemeris of the Coggia comet in the Astronomische Nachrichten, 
No. 1993. The following are the places: 

Berlin Time. a é Light-factor. 
7° 36°6™ +63° 
40°3 58 
42°9 51 
44°7 37 
46°3 +23 
48°0 — 0 
50°1 —16 25 
—39 55 

These latent bring the comet within about 25,000,000 miles 
of us in the fourth week in July, with a brilliancy ten-fold that 
which it has in the middle of June. It will remain below Ursa 
Major till near the middle of July, when it will pass rapidly south, 
a little west of the sun. It will be almost directly between us and 
sun July 20th, 

5. New Planet.—A new planet was discovered by Mr. Perrotin 
at Toulouse on the 19th of May. It was then of the 11°5 mag- 
nitude. 


IV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. The American Museum of Natural History, New York.— 
The corner-stone of the first section of this institution, in the Cenf 
tral Park of the city of New York, was laid by the President of 
the United States, on the 2d of June, in the presence of a con- 
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course of distinguished people from various parts of the country. 
On behalf of the museum, Mr. Robert L. Stuart, the President of 
the Commission, briefly recounted its history, its incorporation in 
1869 by the Legislature of New York, the award of Manhattan 
square, adjacent to the Park, for its use and that of the Metropoli- 
tan Art Museum, with the donation of five hundred thousand dol- 
lars to each for the commencement of the buildings. The plans, of 
which the present portion form only the commencement, contem- 
plate an expenditure of $6,000,000. Addresses were made also by 
Messrs. Wales and Stebbins on behalf of the Park Commissioners, 
and by General Dix as Governor of the State, all fully adopting 
and commending the undertaking. 

Professor Joseph Henry, Secretary of the Smithsonian Institu- 
tion, made the concluding address, setting forth the true aims and 
purposes of such a museum as a means of diffusing a knowledge of 
science, and, by proper instructors and endowments, fostering a 
spirit of scientific research and promoting the general advancement 
of science. Under a wise administration of its affairs, the Ameri- 
ean Museum of Natural History will not fail, for the want of means, 
to carry out its proper purposes, and will thus become a source 
of delight and of advancement to the great community about 
it, and an honor to American science in the eyes of the civilized 
world. 

21. Note on the Recent Eurthquakes of Bald Mountain,in Ruth- 
erford County, North Carolina ; by Professor F. H. BrapLey.— 
So far as direct observation upon the disturbances there in progress 
was concerned, my trip to the Bald Mountain region was a failure, 
for there was not the least disturbance during our visit. But from 
an examination of the present condition of the mountain, on both 
sides and at the top, we were able to come to an understanding of 
the phenomena reported to us by residents of the region, And 
here I would remark that the reports heretofore published have 
grown rapidly in proportion to their distance from home, there 
having been, apparently, xo foundation for the stories of yawning 
crevices and smoking pits. The phenomena actually observed 
seem to have consisted simply of noises within the mountains, 
more or less loud, and shakings of the surface. 

The sounds are variously described as resembling continuous 
musket firing, or heavy cannonading, or “the rumble of a heavy 
iron-axled wagon rolling rapidly over a rocky road.” The shak- 
ings were wave-like vibrations of the surface, moving laterally from 
the center of disturbance, and causing cracks in walls and chim- 
neys, and occasionally throwing down loose articles. 

These are the common phenomena of earthquakes, but they were 
here much more local and less violent than usual. There was 
nothing properly volcanic about them; and the region shows no 
volcanic rock. Bald Mountain forms one of the southeastern spurs 
of the easternmost range of the Blue Ridge proper, and consists 
of micaceous and hornblendic schists and gneisses, having the 
variable southeasterly dip characteristic of the whole range. 
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2. Fluctuations in the Great Lakes.—In the number of Nature 
for April 30th, Mr. G. M. Dawson endeavors to show, by a com- 
parison of observations, that there is probably a connection be- 
tween the fluctuations of the American Lakes and the development 
of sun-spots. More extended observations are required to give 
probability to the conclusion. 

3. Chemical Centennial, August 1st, 1874.—Northumberland, 
in Pennsylvania, on the Susquehannah, the place where Dr. 
Priestley was buried, has been selected as the spot at which all 
chemists are invited to gather on the first of August next, the 
hundreth anniversary of the dise overy of oxygen by t the illustrious 
philosopher. An address is to be delivered over his grave. This 
proposition of Dr. Bolton,to which we have referred ‘already, has 
met with a cordial response from a large number of chemists. Pro- 
fessor Henry, of the Smithsonian, proposes to be present with some 
of the original apparatus of Priestley from the Smithsonian col- 
lections. The first of August falling on Saturday, the meeting will 
be called for the day previous, A programme will be soon issued 
by the committee in charge. 

4. Topographical Atlas, projected to illustrate explorations of 
surveys west of the 100th meridian ; under the direction of Hon. 
Wn. W. Berxyap, Secretary of War, by the Corps of Engineers, 
U. 8. Army, Brigadier-General A. A, Humpureys, Chief of Engi- 
neers: embracing results of the different expeditions under Ist 
Lieut. Gro. M. \Wuereer, Corps of Engineers.—The expeditions 
referred to in this title are those of 1869, 1871, 1872 and 1873 
The maps here issued, six in number, are in large folio, and hand- 
somely printed. The first gives in colors a general view of the 
drainage areas of the country west of the Mississippi ; ; the second, 
a subdivision of the region west of the 100th meridian to the 
Pacific, into equal areas, 94 in all, for each of which a separate 
map is projected; and the remaining four are maps number 50, 
58, 59, 66, of the Atlas. On these maps the topography is repre- 
resented with much detail and clearness. The completed atlas 
will be a very important contribution to American geography. 
Lieutenant Wheeler takes the field this season for the continua- 
tion of his surveys. 

Annual Record of Science and Industry for 1873. Edited 
by Spencer F. Barrp, with the assistance of eminent men of 
science, 12mo, pp. 714. New York (Harper & Brothers), 1874. 
—This is the third volume of Prof. Baird’s Annual. <A general 
summary of scientific and industrial progress during the year 1873 
occupies an introductory chapter of 132 pages, covering a wide 
range of subjects from astronomy to technology. The whole vol- 
ume is rich in varied and useful facts. 

6. Mountain Sculpture in the Sierra Nevada.—The article on 
Mountain Sculpture, cited from in the preceding volume, at page 
515, (for a copy of which we are indebted to Prof. E. 8. Carr,) was 
written, as Prof. Carr has recently informed us, by Mr. John Muir. 

Critical Essays on Physics, Metaphysics and Ethics, by Lawrence S. Benson. 
Vol. I. Physics. 164 pp. 8vo. New York, 1874. (James S. Burnton.) 

The Psychology of Scepticism and Phenomenalism, by James Andrews. 60 pp 
12mo. Glasgow, 1874. (James Maclehose.) 
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